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A NEW ERA IN SPACE 



On December 1 7. |‘»03, Orville and NV ilhur flight 
successfully achieved sustained (light in a power-driven 
aircraft Die first llight that day lasted only 12 seconds 
over a distance of .17 meters (120 feet), which i' about 
the length of the Space Shuttle Orbiter The fourth and 
final llight of the day traveled 2<> 0 meter* (852 leetlin 
5') seconds. The initial notification of this event to the 
woild was a telegiam to the H rights' lather 

Sixty-six years later, a man first stepped <111 the lunai 
surface and an estimated 500 million people throughout 
the world saw the event on television 01 listened to it 011 
tadio as it happened. 


Historic events I Kl spectacular I he space program, 
however, has always been much more than a television 
spectacular Today, space transportation is working in 
many ways for us all. and we have come to expect this 
A whole new era ot transportation will come into 
being in the I'lHO'x with the advent ot the Space Shuttle 
and its ibility to inexpensively transport a variety ot 
payloads to orbit It is designed to reduce the cost and 
increase the effectiveness ot using space lor commercial 
scientific, and defense needs. 

\kilh its versatility and reusability the Spjd Shuttle 
will truly open the dooi to the economical and routine 



use til space An a transport.! ion system in laith orbit. 
II will nllor the workhorse capabilities ol such 
eatlhhound tamer* a* track*, ship*. anil airline* and will 
be a* vital In the nation * lutuie in space a* the more 
conventional carrier* nt today ate iti the country '» 
economic life and well-being 

So often have llic man-machine lelatmndup* hi space 
been proven to be highly effective that the Space Shutile 
i* being deigned and built lo lake advantage of the most 
efficient characteristics ot both human* and complex 
machines. Till* combination, coupled with the tlexib'e 
characteristics of Shuttle, will provide an ellicicnt 
system for our future na'ional space program activities. 
The Shuttle will truly provide out nation with routine 
space operations in near-Earth orbit that can contribute 
substantially lo improving the way of life for all the 
peoples of our world 

The Space Shuttle era will begin approximately 20 
year* after the first ll.S. venture into space, the 
Lunching ol I xpljrer I on January 'I, l*»SK. Since Out 
dale, unmanned satellites have pnrbed the near and 
distant reaches of space. Manned systems have been used 


lo explore the Initai surface and expand tlic present 
knowledge ol the Earth, the Sun. and the adaptability ul 
i'. in to extendeo space flight in near I arth orbit To 
seive the luiute need* of space science and applications. 
I lie technological and operational experience underlying 
these accomplishments is being applied to the 
development of the Space Shuttle Th*» vehicle i* the 
basic element in a space traraporlatiot system that will 
open a new era of routine operations in space 

The primary design and operations goal tor the Sp:»ce 
Shuttle 1‘iogtam is to provide low-cost transportation to 
and from I arth orbit. Spacclabs will be carried alutt by 
the Shuttle in support of manned orbital opciation*. 
free-flying or automated satellites will be deployed and 
recovered from many types ot orbits Automated 
satellites with propulsive stage* attached will he 
deployed from the Space Shuttle and placed in 
lugh-eneigy trajectories. This approach to space 
operation* will provide many avenues tor conducting 
investigations in space Many participants, representing 
diverse backgrounds and capabilities, will work routinely 
in these space opeiatnms of the future. 
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SPACE SHUTTLE SYSTEM AND MISSION PROFILE 


The Space Shuttle flight system is composed of the 
Orbiler. an external tank (IT) that contains the ascent 
propellant to be used by the Orbltcr main engines, and 
two solid rocket boosters (SRB’s). The Orbiter and 
SRB‘s are reusable: the external tank is expended on 
each launch. 

The Space Shuttle mission begins with the installation 
of the mission payload into the Orbiter payload bay. 
The payload will be checked and serviced before 
installation and will be activated on orbit, flight safety 
items for some payloads will be monitored by a caution 
and warning system. 

Tire SRBs and the Orbiter main engine will lire in 
parallel at lift-off. The two SRB's are jettisoned after 
burnout and are recovered by means of a parachute 
system. The large external tank is jettisoned before the 


Space Shuttle Oibiter goes into orbit. The orbital 
maneuvering system (QMS) of the Orbiter is used to 
attain the desired orbit and to make any subsequent 
maneuvers that may be required during the mission. 
When tire payload bay doors in the tup of the Orbiter 
fuselage open to expose the payload, the crewmen are 
ready to begin payload operations. 

After tire orbital operations, deorblllng maneuvers are 
initiated- Reentry is made into the faith atmosphere at 
a high angle of attack- At low altitude, the Orbiter goes 
into horizontal llight for an aircraft-type approach and 
landing. A 2 -week ground turnaround is tire goal 
reuse of the Space Shuttle Orbiter. 

The nominal design duration of the initio* missions is 
7 days. Tire mission duration can be extended to as long 
as JU days if the necessary consumables are added. 


GROUND TURNAROUND 



PRELAUNCH 

• MOVE TO PAD 

• INtERP ACE VEfi tf ICATlON 

• PROPELLANT LOADING 

• CREW INGRESS 

• SYSTEMS check 


SHUTTLE AS5EMBLY 

• AsSEMBLC SOLID ROCKET BOOSTER srb 

• EXTERNAL TANK mating TO SRB 

• ORBITER MATING 

• INTERTACE veritication 

• ORDNANCE INSTALLATION CONNECTION 
•CLOSEOUT 


PREMATE PREPARATION 

• RETRACT LANDING gear 

• CONNECT CRANES 

• ROTATt TO VERTICAL 
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PROFILE OF SHUTTLE MISSION 



SEPARATION OF EXTERNAL TANK ORBIT INSERTION AND 

circularization 

HEIGHT: 

215 In 115 N. Ml. - TY. ICALI 
VELOCITY 

28 300 km HR (17 60° MPH' 


orbital OPERATIONS 

HEIGHT 

185 TO 1100 kn 
(100 TO BOO N. Ml. I 
DURATION 

UP TO 30 DAYS 



SEPARATION OF 
SOLID ROCKET BOOSTERS 

HEIGHT 

50 km (27 N. Ml.) 
VELOCITY 

5170 km HR (3213 MPH) 



SHUTTLE LAUNCH 


SHUTTLE CHIRAC TF9 1 ST I CS 

(VALJES ARE APPROXIMATE' 


LENGTH 

SYSTEM 56 m (184 FT) 

ORBITER 37 m (122 FT’ 

HEIGHT 

SYSTEM 23 m (76 FT) 

ORBITER 17 m (55 FT) 

WINGSPAN 

ORB'TER 24 m (78 FI) 

WEIGHT 

GROSS LIFT-OFF 

2 000 000 kq 4 400 000 LB’ 
ORBITER LANDING 

85 000 kq (187 000 LB’ 

THRUST 

SOLID ROCKET BOOSTERS (2> 

11 800 000 N 2 650 000 LB’ 
OF THRUST EACH 
ORBITER MAIN ENGINES 3) 

2 100 000 N (470 000 LB> 

OF THRUST EACH 

CARGO BAY 
DIMENSIONS 

18 m '60 FT LONG, 5 m 15FT» 
IN DIAMETER 
ACCOMMODATIONS 

UNMANNED SPACE "RAFT TO 
FULLY EQUIPPED SCIENTIFIC 
LABORATORIES 



ATMOSPHERIC ENTRY 


HEIGHT 

140 km (76 N. Ml' 

VELOCITY 

28 100 km HR 17 500 MPH’ 



LANDING 

CROSSRANGE 

♦ 2000 km *1085 N. Ml. 
VELOCITY 

346 kr. HR 215 MPH 
FROM ENTRY PA»M 
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SPACE SHUTTLE VEHICLE 



S lie Orbiter is designed to cam into oibit a crew ol 
seven (tlu* cuiient baseline calls tot tout), including 
scientific and technical personnel, and the payloads Hie 
rent ol the Shuttle system (SKHs and external luel tank) 
tx requited to boost the Oibitet into space I lie smaller 
O’biter rocket engines provide maneuvering and control 
during space lltght . dining atmospheric tlight. the 
Orbitet is controlled by the aerodynamic vurlat.es on the 
icings and by the vertical stabiliser 

On a standard mission, the Orbiter can remain in 
otbu for 7 days, return to I artli with personnel and 
payload, land like an airplane, and be readied lor 
another flight in 14 days The Shuttle c an he toadied lot 
a rescue mission launch from standby status within .'4 
hours alter notification Tor emergency rescue, the cabin 
can accommodate as many as lit persons, thus, all 


occupants ol a disabled Orbiter could be rescind by 
another Shuttle 

The SKB’s. which burn in parallel vcrtli the Orhttei 
main propulsion system, are separated Iron the 
Orbiter external tank at an altitude ol approximately Ml 
kilometers 1 27 nautical miles), descend on parachutes, 
and land in the ocean approximately TTh <*Ki meters 
(IM) nautical miles) Irom the launch site they are 
recovered by ships, returned to land, refurbished and 
then loused 

Alter sKh separation, the Orbiter main propulsion 
system continues to bum until the Orbiter is injected 
into the required ascent tiaicctury I he external tank 
then separates and tails ballistic ally into a remote area ot 
the Indian or the South Pacific Ocean, depending on the 
launch site and mission The OMs completes insertion ot 
the Otbiter into the desired orbit 
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CRtW AND PASSf NGtR ACCOMMODATIONS 


I lie lIl'W .lllil pjl.\k'llj!CI I IKlU|>\ .1 IWilltiVel kjl'lll .it 
lilt' liilttjltl I'll. I III lilt' OilillCI I Ilk klk'Vk kii*ll(..|' 1 1 Ik' 

l.innv It. oiImuI nUMfuvciMj;. jtinmplicik ciilrv anti 
* iiilmp pluw' tlic iniMiiiii lioin l lie uppci level iTi^’lu 

iVik lllk’klk'kk iImi IH'll.iflll' | i\ ' ijii.IIiiu' 


Seating lm pjiwngcit ,ii h) j li\ 1 1 tv .iik j jic pin* tkii'kj 
• hi (lie lowei klckli I lu kjhm will lure j imM.’num • 1 
utililv iiiluiiHi llk \iliilii\ iv 4vhtc%i'kl willi j tiiinimuin 
v • •li«n»e . kiiiiiplexilv, .niil Mciglil Space tliylil will no 
Ion pei lie limited to mtemivcly trained. pliyvkall) 




perfect astronaut* but will now accommodate 
experienced scientists and technicians. 

Crewmembers and passengers will experience a 
designed maximum gravity load of only 3g during launch 
and less than 1.5g during a typical reentry. These 
acceleration* are about one-third the levels experienced 
on previous manned flights. Many other features ul the 
Space Shuttle, such a: a standard tea-level atmosphere, 
will welcome the nonastronaut space worker of the 
future. 




WIDE VARIETY OF MISSIONS 


Tire Space Shuttle has the capability to conduct space 
millions in response to currently projected national and 
worldwide needs and the flexibility to respond to policy, 
discovery, and innovation. Tire primary mission for the 
Space Shuttle is the delivery of payloads to liarth orbit. 
The Shuttle system can place payloads of 29 500 
kilograms (65 000 pounds) into orbit. Payloads will) 
propulsion stages can place satellites into high Earth 
orbit or into lunar or planetary trajectories. 

The Space Shuttle is more than a transport vehicle. 
The Orbiter has the capability to carry out missions 
unique to the space program: to retrieve payloads from 
orbit for reuse; to service or refurbish satellites in space; 
and to operate space laboratories in orbit. These 
capabilities result in a net savings in the cost of space 
operations while greatly enhancing the flexibility and 
productivity of the missions. 


Among the multifaceted uses of Space Shuttle during 
its operational life, which wilt extend beyond the 
199t)s, will be a wide range of applications of the 
mvironment of space and of space plalforms. The 
applications can be achieved through operation of 
satellites, satellites with propulsion stages, space 
laboratories, or combinations as appropriate to the 
specific objectives and requirements. The Shuttle also 
provides a laboratory capability to do research and to 
develop techniques and equipment that may evolve into 
new operational satellites. 

The Space Shuttle will not be limited to uses that can 
be forecast today. The reduction in the cost of 
Earth-orbital operations and the new operational 
techniques will enable new and unforeseen solutions of 
problems. 
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PLACEMENT AND RECOVERY OF SATELLITES 


< >f»c important Spate SIhiiiIi' mission will be the 
pla cement of %iiiellttc» in I ji lit orbit. A satellite 
launched on a previous mission can be retrieved ami 
returned to I ailh tor leturbishmeni and reuse 

As many as live individual satellites may be delivered 
(Hi a single mission Ibe satellites are serviced, checked 
out. and loaded into the Oibitei Die crew will consist 
ol Shuttle pilots and minion and payload specialists 
l 'pon reachiiiK Ibe desired ubil. the mission and 
payload specialists will conduct predeployment checks 
and operations. Alter determining Hut the satellite is 
ready, the crew will opeiatc the payload deployment 
system, which lilts the satellite from the cargo-ha 


retention structure, extends n away Ihhii Use Orbitcr. 
and releases H. I he linal activation ol llse s.itelhle will be 
by radio command Ihe Orbiler will stand by until lire 
satellite is performing satisfactorily before proceeding 
with the remainder ol the mission. 

To recover a satellite, the Oibiter will rende/voux 
with It. maneuver close, and giab n with the remote 
manipulator arm Alter the satellite is deactivated by 
radio command, it will be lowcied into the cargo bay 
and locked into place fisc Orbitci will perform deorbit 
maneuvers, enter the atmosphere, and land, returning 
the expensive satellite for reuse 




PLACEMENT OF FREE FLYING SCIENTIFIC LABORATORIES IN SPACE 


I he laiye tpit C ll'lcwtipv lepiCWIlt « .III IlllCllialimial I'll' lmi|l dutallilll 1'\(>«|'IIIC l.lilllU (I 1*1 I I |v a hjvli 

laiilily lot < hi -< it hi I cpaic icwaich iiiiilmllcil hy the lewauh piu|ccl hcinii implemented by the SANA 

Invetligaimg nn-niuii uii the piiHiiul lX'M|iit .iuihtf« ate langhry Kewauh Oiikn I In 11*11 i» a reusable. 

m»w being miiiluilcd and cpmivncd hy I lie s \\ \ unmanned. Inniml lice living ctiuctuie mi viliiili a 

Maidiall Space I light ( enlet and ihe (tuddaid Space vanely til pa live c\|H'titnentv can In’ mounted to eludy 

Flight ( cnlct. I lie Space Sliutlle will dchvei ihe tin elicit* ul iIk'ii cxpocuic h> spa e uvei a icladvely 

lelewnpe tu mbit, and ilic crewmen will accici in Imit! peiiml id time. Alter an extended period in mbit. 

piepanii|i Ihe laiilily lm operation During wliedukd Hie I HI I will he retrieved hy an Ihhitci and icturned 

icviMlc In the laiilily. the Space Shuttle crewmen will inl.mli lm experiment analyst 

w iv ice cuppmiiiii! subsystem*. exchange wienlUii 
haidwaie. and. ceveial year* later - leluin Ihe laiilily to 
I ai lli al the end ul il* micciim. 




DELIVERY OF PAYLOADS THAT USE PROPULSION STAGES 


Major activity forti rst toi |)ti»ynklminuu« nrhth 
deep-space missions. elliptical orbits. and htyiici ctrculai 
iwhlb Payloads miiIi such destinations Mill requite ,i 
piopulsinn stage in addition In die Shuttle It. >di die 
satellite and (he propulsion stage Mill he delivered In 
orbii jikI deployed as illusiialed Hi'loie release die 
conihined propulsion stage satellite lyilnn Mill lie 
checked and readied loi launch. .nid guidance 
mtormalnm Mill he updated I lie Oihiiei Mill move a 
vale distance jmj> More ground control gives radio 
command signals to dre the propulsion stage engines 
I lie Shuttle payload cieis an do holli visual and 
remote moiutniiii|t. In die event ot 4 nullum lion the 


stage and satellite can Ik retrieved lor tnvpcMioii and 
possible repair Should it he deleimined lh.il ivpait iv 
heyond Ilk' onboard capability, the stage propellants 
Mould t»c dumped and the entire payload iptopuUioti 
slage a ltd satellite t returned '.n I jiiIi tor rrlurhivlunent 

Initially 411 existing propulsion stage Mill Ik a.lapted 
toi Iho on-orbll laumh \n 4 dV 4 lk'cd reusable 
propulMoii stage tailed the Spjte log 1* he my studied 
loi Liter inclusion in the vpjee transportation system. 

The Mjriner Jupiter Orhiter 'interim uppei stage 
ill S| 1114s t*e launched hy the Shuttle in I **>» I or 
lot the purpose of obtaining additional data about tl . 
plaint Jupiter. Us satellites and the space surrounding it 
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MARINER JUPITER ORBITER SPACECRAFT 

TYPICAL EQUATORIAL OR HIGH INCLINATION ORBIT 


MARINER JUPITER ORBITER SPACECRAFT CONCEPT 

IN-FUGHT CONFIGURATION 
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ON ORBIT SERVICING OF SATELLITES 


The NASA (>nddaid Space Flight C enter is study tng a 
family of modular spacecraft satellites to he placed in 
orbits of various Inclinations and altitudes. This low-cost 
standard hardware is expected to comprise much of each 
satellite. Among other features, the design of this 
hardware will provide for on-orbit servicing by 
changeout of supporting subsystem assemblies and 
applications sensors. These system features, in 


association with the Shuttle-based equipment and 
Shuttle operational techniques, will permit on-orbit 
maintenance and updating ol this family of satellites 
Combined with the large weight and volume capacity ol 
the Shuttle, this capability provides tiic payload designer 
new freedom in developing and operating satellites that 
can reduce payload costs as well as improve 
performance. 


EOS ORBITAL SERVICING 
AND CONTINGENCY RETRIEVAL 

CD 







| SUN- SYNCHRONOUS ORBIT 
tS ^ , SERVICING ORBIT 
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LAUNCH, RENDEZVOUS, 
AND STATIONKEEPING 


CAPTURE EOS WITH 
REMOTE MANIPULATOR 


DEPLOY 


EOS ATTACHED TO POSITIONING PLATFORM 


MODULE 

EXCHANGE 

MECHANISM 


E TENTION 
CRADLE 


& 


OPTION 
CONTINGENCY RETRIEVAL 


MODULE 

MAGAZINE 


© 

EOS SERVICING 


TO SUN- 
SYNCHRONOUS 
ORBIT 


deorbit and landing 


STATIONKEEPING 
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BY THE SPACE SHUTTLE 


Alternative technique* lor on-orbit servicing of stabilized MIN Jie accomplished by (tie manipulator 

satellites are under study. The approach illustrated is arms attached to the Orbtter. To replace the payload, a 

based on current simulations ol prototype hardware rotary magazine carrying the replacement modules 

with leplaccable modules. I ow-cost rcfuihishahle presents them at the ptopci tune to an exchange 

payloads, such as the I ai'h Observation Satellite ll OS| mechanism. Ihe exchange mechanism removes the old 

in Ihe photograph, aie carried by a retention system module fiom the satellite and stows it temporarily, 

which reacts all boost, reentry, and lauding loads Ihe removes the new module tiom (lie magazine and installs 

retention system pivots a docking ring to allow rotation it in Ihe satellite, and then 'lows the old module m the 

o| ihe satellite in and out ol the cargo bay. Deployment mtary magazine, 

away from the Orbtter or capture and beithing ol a 



1.1 








SPACELAB AND ORBITER 


“Til* Shut lie development is one o! ilie great lechnol-igical undertakings ol tins 
decade, indeed ol tins century I Ins in a challenge to he shared by NAS \ jnd private 
industry. This |oint challenge is to dcuiontlralc and use the Shuttle and paiticularly the 
Spacelah hi the l‘»Kl)'s to produce valuable new products and techniques " l>i 
Janies ( I le teller. NASA Administrator. October IX. I *»74 . 


Spacelah is an international program being developed 
by the I European Space Keseatch Organization (I SKO|. 
The large pressurized Spacelah module with an external 
equipment pallet will he a frequent payload carrier 
during the Space Shuttle cia. Spacelah will provide an 
extension of the experimenter’s gmund based 
laboratories with the added qualities which only space 
lliglit can provide, such as a long-term gravity-free 
environment, a location from which I aitli can he viewed 
and examined as an entity, and a place where he 


celestial sphere can he studied free ol atmospheric 

interference. 

Several Spacelah system configurations will he down 
(lie configuration illustrated includes a pressun/ed 
module where experimenters can work in a shirt-sleeve 
environment. A tunnel gives access to the cabin area ol 
the Orhiler. Instruments can he mounted on a pallet alt 
of the pressurized module if they require exposuie to 
the space vacuum or are too bulky to place inside or Ini 
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INTERNATIONAL COOPERATION IN SPACE 


convenience m viewing. I he Orbitei may he down m jii 
inverted altitude In orient the instruments Inward I ailli 
for Mirveys of Earth resources and loi investigations of 
geophysical and environmental parameters. 

Other Spacclah configuratio ns include those which, in 
place of a pressurized module, have a large pailet on 
wh.ch numerous instruments are installed and controlled 
from the payload specialist's station within the Orbitcr. 
Pressure-suit operations in the payload hay are practical 
when instrument service is required. 

Ten member nations of the European space 
community have agreed to commit almost $400 million 
to design and deliver one flight unit to the United Slates. 
Agreements provide for purchase of additional units by 


the United Stales. Cooperating nations are 5$cst 
Germany, Italy, trance. United Kingdom, Ik-lgium, 
Spam, the Netherlands, IVnmatk. Switzerland, and 
Austria Many types ol scientific. tc> hnological, medical, 
and applications investigations can he accomplished with 
this flight hardware. Each Spacelab nuy be down as 
many as 50 limes over a 10-year period. This system will 
provide an entirely new capability for manned 
participation, which will increase the effectiveness ol 
space research as well as reduce the cost of the 
application of space technology. 

Crewmembers and payloads lor Spacelab will also he 
international in origin. 
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SPACE IN EVERYDAY LIVING 



EARTHLY BENEMTS TODAY 


<>l what / \HIIII ) benefit is I he space pii.^i. nn' 

In the eaiiy yen* <*t America's space program i en 
will) vision loii-sjst ih. 1 1 multiple benefits would 
someday he denved limn the rcseaich jiiJ development 
activities associated ss 1 1 1 1 this progiam. I hose benefits 
aie no longer a promise; they arc realities 

And this is |usi the beginning Ihe versatility and 
flexibility of the Space Shuttle will open up 
oppoitunities lot more and longer investigations 

Henetits Itoni past space efforts have already worked 
then way into daily life, lx a tar greater extent than 
most people icali/e We apply what we learn in space to 
improve the quality nt life on I ailh Advances in 
medicine, environmental monitoring and control, 
meteorology the study ol oceans and I ailli resources, 
communications, education, products and materials, and 
international peace aie taken lot granted These benefits 
together with the acknowledged impetus given to out 


technical leadership in the world supply overwhelming 
evidence ol value received 

Most ol these benefits are available to mankind 
throughout the world and some ate in current use- in 
countries otliei than the I nited States 

Some specific examples ol these benefits lollow 
However any list is obsolete as soon as it is written, 
because the applications ol technology are constantly 
iik reusing 

Ihe real extent ol I aitlily benefits Irom Inline space 
efforts can scarcely be predicted The space program i' 
an essential element in keeping our nation strong 
scientifically technological’) . and economically and 
thus it keeps us secure 

(‘holographs and other imageiy from both manned 
and unmanned spacecraft have changed the ways we see 
out I ailli 
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not filmed 




We<ithcr 


Mcjtlu'f ulelllte ptlilti>v'Upt>' JIC It'i *>■ I 

known 4|'|>lu4limii ili.il effect <Hti <* •*!> live* Nth**’ llte 
in*t weal lie; viidllte M4v Luiwtivtl w 1 
mciei»ii4<'|!u jI tpjve* rail luve relumed In I unit mini 
liiloinuliixi jl.nil tire utmmplierc ili.ni had been 


learned riue nun lii*t Ih^'iin In *in !» **i jtl> \ 

• 'll 4 r 1 1 1 1 1 k i * m h i \ ik .in In i i 4- 1 . i 

revuli nl e.nl> vv4Min.|:v i>l huriuaiie* .nnl Hi e\. i 
weather 




Mapping and Charting 



High -.ill i null pltotoguphs ijV.ch straight down can 
help maprnakets wmk efficiently and accuiatcly 
Be i ausc much l.u per areas can he covered hy spacecraft 
than hy aircralt in the same amount ot time, maps can 
he changed frequently and accurately The mosaic 
shown is pail ot one that w.is made from photogiaphs 


taken of the I .of ( .of from hkylah Massachusetts is a< 
the lop (with ll iston ll.nh e on the light edge of tin 
photograph l Ihemosju extends through the New Vuk 
metropolitan area. New Jersey, and almost to 
I'hilad'. Iphu llu \ppal.i. hlal Mountains extend ahm. 
the left side 
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Land Uta 



V %. , 

CO 


Imago transmitted from the IjiiIi Kcmmjiccs Southern t alilorma < oast extending tmni I ***.g Heath 
lechnologx Satellite ll KISl are used tr a \anet> nt «•> Sun Ihego San « lemente Island isxtsihlc in (lie lowei 

sttijies. including forecasting crop x.-.ds determining left comet I than and suburban land use is heaxx in 

land use' patterns, and helping l<> lind land and water soastal areas 
resources in hard-to-reach are is Fhe area shown is the 






I lie Skyljh vw» <i| die Sew S • n k < n \ jjcm provide* eornei I In- IliiiKun Ki«ei is untile in Ihi luwei nelii 

j ile.il view nt 1 .1 1 1 • I live I'jlleniv I unit I sl.iriil i\ in Ilie Mile jml the I .il'kill MuUllljinv eMeinl .i-. i ■ > ' Iln entei 

lower iiyilil euinei jml New Jetvey in llie inwei lell |m»i||*hi llic pliiiloyrt^pli 







Pollution 


I lie extent n| waiei and an pollution and sometimes 
then utuictfs can he established hv space photograph) 
Vtalei piilhiliiin i' visible as lu//mc*s along ll»e southern 
slimes ol the (.teal Salt I ake I he vital p line aciox* the 
lake neat Ihe lopnl Ihe photograph tepieseiils a railroad 
budge that impedes watei circulation in the lake the 


hghie: aiea north ol the budge !% much sjliiei than the 
daikcr atea (hi ihe light side ol Ihe pholonaph is I .ike 
I tail, a liesh walei bod> Sail lake ( il> lies between 
Ihe two lakes I he while vphitch in the highlands next to 
Sail lake ( n> is the world's laigesl open-pit coppei 
mine. 
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Water Resource* 


--IUXNA1, PACK is 
fOOK gL.UJT^ 


Water resource*. especially in inaccessible areas, can I lagsiatl is al tlie bottom center ol the photograph and 

he monitored liom space, hoi example, a study ol this the Painted Desert is across the top Hie Meteor I ralei is 

photograph of snow along the Mogollon Kim in Ari/ona visible slightly to tlie tight ol the center ol the 

can lead to accurate prediction ol how ntuen walei will photograph 

he available alter the thaw to irrigate the desert. 






Geology 


Utolit|tic*i iiudn'% van he made ii.mi plintuyiapln 
melt J' ihi' In %uppi m l mineral exploration tlnminhmit 
1 1 iv wmld (ti'nlo|iii al laull% ill loti 'land mil hi xpave 
imipiy. I lie pliuiii(!ia|ili ul ( aldoima pmi nmili ul I u* 
\iipolox olearly del) lie* where iluoo lanlt* moot lit .1 
populated aiea ll mankind van leant in mmiiim llivw 
1 .mil' Inmi spate , II infill become poxxihlc in avvuialcl) 
picdivl the lime, lovallon. and mlcnnly nl eailh«piake». 


I lie daik line avrotx die lm*ei iliud ul iliv phutupfaph h 
ill** S.tn Andrea* I anil Xii^lin^ into Ihe luwei 14I1I 
towel and }*ar I tally Inddvn by timid* I* Iliv San lialmcl 
• anil Iliv tiailmk I ault n Iliv daik aioa extending up 
Iliv iniddlv ul iliv pttulii|iiapli lake Ixabclla 1* in t lie 
up|H'i riftlil and die id> ul llakeixl'icld below n On die 
nythl i' I’almdale. wlieie die Otbiler n Kvitif htuli 



Oceanography 


Many features «»l I lie ocean can he studied hum space 
more rally Ilian any oiiici »j>. I lie ha/y. light areas n> 
• lie phoiogiaph are teas ol nutrients such as algae and 
plankton in llie lea. I his inlormatKMi is ol importance lo 
coilin' 'tcial fishermen because full are likely lo be 
concentrated in these areas 


Space imagery can also diail ilic inovetnent ol 
kebi'tes lo 1 1 id tea I C ocean currents and to aid touting ol 
ships to salcr areas \ cornputei using radiance data 
Iroin a nnilUspccItal scanner aboard Sky lab charted 
water depths, tins method is mild smiphly updating and 
correction o( hydiogiaptitc charts 





Health Care 



Many advances in heallh caie have resulted Irons 
devices originally designed In moniloi astronauts in 
space and send data hack to I arlli. Ini example, a 
liglit wci^lit battery-powered mobile unit that Ills into an 
ambulance and links trained emergency medical 
technicians to a physician is already being used by some 
communities the city ol Houston. Texas, has equipped 
2 h rescue vehicles with these units. I specially important 
to cardiac patients, whose lives -rav be saved or lost 
willin' l he lirsi lew minutes alter an attack, the unit 
provides lor constant treatment and monitoring both at 
the scene ol the medical emergency and cn route to the 
hospital. Two-way voice communication can be 


maintained between the technician and a doctor, while 
electrocardiogram data can be provided to a physician 
by telemetry. The unit is also equipped lor oxygen 
administration, defihrillatinn. blood pressure 
measurement, fluids aspiration, respiratory resuscitation, 
and drug administration. 

Inside hospitals, too. automatic monitoring systems 
similar to the ones used lot Apollo astronauts ..an collect 
several channels of physiological data irons as many as 
<>■4 patients and transmit the data in digital lorin to a 
central control station lor processing by a computer 
I'alm Ucach ( ommuniiy Hospital in Florida is one user 
ol this type of system. 



A cuff device perfected for Skylab crew* ami now m 
commercial use measures blood pressure automatically 
and displays a numerical reading, as shown in the 
photograph. This device can speed and simphly 
screening of large groups of people by paramedics. High 
blood pressure, a common and often unsuspected 
medical problem, can contribute to more venous 
problems such as heart attack and stroke, therefore, 
early detection has the potential to save many lives. 

Spaccsuits and portable life-support systems have 
inspired other medical advances, l or example, the 
mobile biological isolation system in the photograph is 
being developed for patients with immune deficiency, 
those undergoing chemotherapy, or those whose natural 
immunity has been deliberately lowered for organ 
transplant. A suit such as this, which provides both 
mobility and protection, could also be used to protect 
doctors from communicable disease and to protect 
researches working with dangerous viruses m 
laboratories. 


Another application is a poitable volume-controlled 
respirator that is lightweight and requires no external 
source of power or oxygen. The respirator weighs 75 
percent less than common respirators and is much more 
precise. It has particular utility in disaster area field 
hospitals. 

Computer terminals and software developed lor lie 
space program can simplify many health-related tasks 
and piovidc capabilities never before available. 
Individual medical records can be updated constantly. A 
laboratory technician 01 paramedic can enter various lest 
data from a remote terminal and receive interpretations. 
Doctors can get clarified X-rays done by computer 
methods developed to clarify photogiaphs transmitted 
from spacecraft. 









Iii industry, new materials and changed 
manufacturing processes have resulted from 
space-oriented research. Fireproof materials, tor 
example, are constantly being improved to provide 
belter protection (including facial covering I for 
firelighters. 

Still in the experimental stage is the growing ot 
crystals in space. The germanium selenide crystal shown 
was pown aboard Sky lab and is about the si/e and shape 
needed for pioduction of electronic devices, I he 
experiment indicated that this type- ot production iii 
space is feasible and provides data on the conditions 
under which products ot this kind can be made 

These are just a few examples of the ways spa«.e 
research is affecting our daily lives m unexpected ways 
And the list lengthens after every space venture 
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oceanography 


AGRICULTURE 


SCIENTIFIC 

STUDIES 


MINERAL RESOURCES 


PETROLEUM RESOURCES 


EARTHLY PAYOFF TOMORROW 


M;in goes into space to explore the unknown to 
increase our understanding of the past, prevent, and 
future of the universe and humanity's place ii it When 
the Space Shuttle becomes operational in l‘>. 0. it will 
he an important tool to provide mankind with 
information to help in managing and preserving our 
crowded Earth. Users of the versatile Shuttle system will 
include communication networks, research foundations. 


universities, observatories, federal departments and 
agencies, state agencies, county and city planners, puthc 
utilities, farm cooperatives, the medical profession, the 
fishing industry, the transportation industry, and power 
generation and water conservation planners. 

Payloads launched by the Space Shuttle will provide 
practical data that will affect both the daily lives of 
people and the long-term future of mankind. 
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Agriculture 

Sensor systems In space can help the world solve its 
lood ptohlerm. The sensors can identify crops in each 
field, tell the vigor and probable yield of those crops, 
and determine plant disease* or insect infestation. This 
information will help agricultural specialists predict total 
food available on a worldwide basis. 



Petroleum Resources 

Photographs of the Earth taken from space have 
already supported explorations of oil and natuial gas 
around the world. The improved satellites of the Space 
Shuttle era will be able to locate new sources of fossil 
fuels. 



Environment 

In environmental studies, satellites can send weather 
information to the ground, survey land use patterns, 
track air pollution and identify its source, monitor ait 
quality, and locate oil slicks. A pollution-mapping 
satellite can cover the entire United States in about 500 
photographs, cameras carried in high-altitude airplanes 
would use about 500 (XX) frames to cover the same area. 
What would take years 'o monitor by air can be 
monitored from space in a few davs. 

Mineral Resources 

Potentially large mineral deposits have been identified 
in many parts of the world as a result of Skylab 
photographs. The advanced satellites emplaced by the 
Space Shuttle are expected to make many more valuable 
mineral discoveries. 
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Oceanography 



Communications 


Communication! satellites have made intercontinental 
television possible and are reducing the costs of 
transoceanic telephone calls. The costs will decrease 
again when the reusable Shuttle takes new and unproved 
satellites into harlh orbit. 


Ky mapping the ocean surface temperature. I at th 
resources satellites will help oceanographers understand 
current patterns. This, m turn, will enable fishing experts 
to predict the movements ol schools of fish Ice 
movements in the ocean can also be tracked from space 



Scientific Studies 

Shuttle is capable of taking into barth orbit 
completely equipped scientific laboratories manned by 
scientists and technicians. In the weightless environment 
of space, researchers can perform many tasks that 
cannot he accomplished against the gravitational pull of 
barth. 




Timber 

Shuttle-launched satellites can help conserve our 
forest resources, especially in remote areas, by 
discovering tires, hy detecting tree diseases and 
infestations of pests, and by providing accurate 
inventories of our timherlands. 
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SPACE SHUTTLE VEHICLE 


SPACE SHUTTLE ORBITER 



MAIN ENGINES 'V 
BODY FLAP 


LAUNCH UMBILICAL 
DOOR 

ELEVONS 


MAIN LANDING GEAR 


UMBILICAL DOOR 


PAYLOAD VIEWING 
WINDOWS 


CREW 


FORWARD 

REACTION CONTROL 
ENGINE DOORS 


RUDDER SPEED BRAKE 


ORBITAL 
MANEUVERING 
PROPULSION 


AFT REACTION 
CONTROL ENGINES 


The Oibitcr spacecraft contains the crew and payload 
for the Space Shuttle system. The Orbitcr can deliver to 
orbit payloads of 2*> 500 kilogiams ((>5 000 pounds) 
with 'lengths to lx meters ((>() feel) and diameters of 5 
meters (15 feet). The Orbitcr is comparable in si/e and 
weight to modem Oansport aircraft; it has a dry weight 
of appoximately (>x (NX) kilograms ( 1 50 000 pounds), a 
lengili of 57 meters (122 feet), and a wingspan of 24 
meters (7X feet). 

The crew compartment can accommodate seven 
crewmembers and pavsengers for some missions (lour is 
the baseline) hut will hold as many as 10 persons in 
emergency operations. 

The three main propulsion rocket engines used during 
launch are contained in the aft fuselage. Tire rocket 
engine propellant is contained in the external lank (I T), 
which is jettisoned before initial orbit insertion. The 


orbital maneuvering subsystem (t)MS) is contained in 
two external pods on the aft fuselage. These units 
provide thrust lor orbit insertion, orbit change, 
rendezvous, and return to Earth. Die reaction control 
subsystem (K< S) is contained m the two OMS pods and 
m a module m the nose section of the forward fuselage 
These units provide attitude control in space and 
precision velocity changes for the final phases ot 
rendezvous and docking or orbit modification.- In 
addition, the KCS, in conjunction with the Orbitei 
aerodynamic control surfaces, provides attitude control 
dunng reentry. The aerodynamic control surfaces 
provide control of the Orbitcr at speeds less than Mach 
5 The Orhiter is designed to land at a speed of 05 m/sec 
(1X5 knots), similar to current high-perlormance 
aircraft. 
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EXTERNAL TANK 



antivortex 

BAFFLES 


SLOSH BAFFLES 


TANK 


ORBITER AF T 
ATTACHMENTS 


PROPELLANT 
FEED AND 
PRESSURIZATION 
UNI ' 


TANK 


integral 

SKIN STRINCIW 
AND FRAME 


LENGTH 4B b> 157FTI 
DIAMETER 8 t" 28 FT' 

CONTROL WEIGHT 35 000 kq 76 300 LB) 
PROPELLANT 703 000 kq 1 550 000 LB 


The external lank contains ihe propellants lor the 
Orbilei mam engines liquid hydrogen (I 11,1 luel and 
liquid oxygen (LO>> oxidi/er. All fluid controls and 
valves (except the vent valves! tor operation ol the main 
propulsion system are located in the Orhitcr to minimize 
throwaway costs. Antivortex and slosh baffles are 
mounted in the oxidi/ei tank to ininimi/e liquid 
lesiduals and lo damp fluid motion, hive lines (three lot 
luel and two for oxidizer) interface between the external 
tank and the Orbiter. All are insulated except the 
oxidi/er pressun/ation line. An antigeyser line on the 
external tank provides LO> geyser suppression, 
liquid-level point sensors are used in both tanks lor 
loading control. 

At lilt-off. ihe external tank contains 703 1)00 
kilograms ( I 550 (MX) pounds) of usable propellant. The 
LH> tank volume is 1523 m 1 (53 KUO ft*) and the LOj 
tank volume is 552 m 1 (IV 500 ft- 1 ). These volumes 
include a 3-percent ullage provision. The hydrogen tank 
is pressuri/ed to a range of 220 <>00 to 234 400 N/m* 


(32 to 34 psia) and the oxygen tank to 137 von to 
151 7(H) N/m* (20 to 22 psia) 

Both tanks are constructed of aluminum alloy skins 
with suppoil or stability tiames as required The 
sidewalls and end bulkheads use Ihe laigest available 
width of plate stock The skins are bult-lusion-welded 
together to provide tellable sealed punts The skirt 
aluminum structure uses skin/strmgeis with siabili/mg 
frames. The primary structural attachment to the 
Orbiter consists of one forward and two teat 
connections 

Spray-on foam insulation (SOM) is applied to the 
complete outer surface ol the external tank, including 
the sidewalls and the iorwaid bulkheads SI A-5M 
spiay-on ablator is applied to all protubeiances. such as 
attachment structures, because shock impingement 
causes increased heating to these areas. The thermal 
protection system (TPS) coverage is mimmi/cd by using 
ihe heat-sink approach provided by the sidewalls and 
propellants. 
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SOLID ROCKET BOOSTERS 


4 SEPARATION MOTORS 
8B 964 N 20 000 LB' 
THRUST EACH. 


APT SKIRT AND 
LAUNCH SUPPORT 


DIMENSIONS 

LENGTH 4S4 7 ci" ! 1 790 IN.) 
DIAMETER 371 cm 046 IN I 


NOSE 

PAIRING 



4 SEPA»A T I0N MOTORS 
88 964 N <20 000 LB 
THRUST EACH 


APPROXIMATE WEIGHTS AND THRUST EACH 

| GROSS WEIGHT 584 600 kq O 288 800 LB 
INERT WEIGHT 81 900 kq 180 500 LB> 

THRUST (SEA LEVEL' 11 800 000 N 2 650 000 LB) 


ELECTRONICS AND 
RECOVERY SUBSYSTEM 
GEAR 


Two solid rocket boosters (SKB’s) burn in paiallcl 
with the iiijiii piopulsion system of Ihe Orbitei to 
provide initial ascent thrust. Primary elements of the 
booster are the motor, including case, propellant, igniter, 
and nozzle, forward and alt structures, separation and 
recovery avionics, and llirusl vector control subsystems. 
Each SKIt weighs approximately 5X4 nisi kilograms 
(I 2MX HOO pounds) and produces II KUO 000 newtons 
(2 650 000 pounds) of thrust at sea level The propellant 
gram is shaped to reduce thrust approximately one-thud 
55 seconds alter lilt-oil to prevent overslressing the 
vehicle during Ihe period of maximum dynamic pressure 
The grain is of conventional design, with a 
star-configured perforation m the forward casting 
segment and a truncated cone pciloiation in each ol the 
segments and ihe alt closure. Ihe contoured no'zle 
expansion ratio (area ol exit to area ol throat Its 7.16 I 
The llirusl vector control subsystem has a maximum 
ommaxial gimhal capability ol slightly over 7 which, m 


conjunction with (lie Oibitcr main engines, provides 
llighi control dunng Ihe Shuttle boost phase 

Maximum flexibility in fabrication and ease ol 
transportation and handling are made possible by a 
segmented case design. I wo lateral sway braces and a 
slide attachment at the all tiamc provide ihe structural 
attachment between ihe SKB and the lank Ihe SKH is 
attached to Ihe tank al the forward end ol ihe forward 
skill by a single ihiust attachment. The pilot, drogue, 
and main parachute risers ol the recovery subsystem are 
attached to (he same lliiusl structure. 

The SKIT's are released by pyrotechnic separation 
devices at Ihe forward thrust attachment and the aft 
sway braces. Eight sepaialion rockets on each SKH (tour 
all and lour forward) separate die SKH liorn iheOthtlcr 
and external tank. 

The forward section provides installation space lor 
l Ik* SKH electronics and recovery gear and lor the 
forward separation riKkels. 
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ORBITER MAIN PROPULSION 





LIQUID 
HYDROGEN 


LOp FEEDLINE 


«LHj) 

PRESSURIZATION 


LHp FEEDLINE 


TOTAL USABLE PROPELLANT 
703 000 kq '1 SSO 000 LB) 


LIQUID OXYGEN LO.) 
FILL DRAIN 
DISCONNECT 


DISCONNECT COVER DOOR 
IN AFT BODY ONLY 


LHp FILL DRAIN 
DISCONNECT 


The Ofhiici iimiii propulsion engines hum lor 
approximately H minute*. These iwo systems provide ihe 
velocity increment necessary to almost achieve the initial 
mission orbit. The final boost into Ihe desired orbit is 
provided by the orhiial maneuvering system. 

Each of the three main engines is approximately 4.3 
meters 1 14 feet I long with a nozzle almost 2 4 meters 1* 
feci I in diameter, and each produces a nominal sea-level 
thrust ot I M*H MX) newtons (37$ (MX) pounds) and a 
vacuum thrust of 2 MM) (NX) newtons (470 000 pounds). 
The engines are throttleable over a thrust range of $0 to 
MM) percent of the nominal flitusl level, so Shuttle 
acceleration can be limited to 3g The engines are 
capable of being gimhalcd for flight control during lire 
Orbttcr boost phase 

The t*0) 3(N) kilograms ( I 330 (MM) pounds) of liquid 
oxygen and no MM) kilograms (220 INN) pounds) of 
liquid hydrogen used during ascent arc stored in the 
external tank The propellant is expended before 
achieving orbit and the tank tails to the ocean after 
separating from the Oihitcr. The fluid lines interface 


with Ihe external tank through disconnects Imatcd at 
the bottom of the Orbiter all fuselage. The hydrogen 
disconnects arc mounted on a carrier plate on the left 
side of ihe Orbiter and the oxygen disconnects on the 
right ode These disconnect openings are covered by 
large doors immediately alter tank separation Iroin the 
Orbiter (■ round servicing is done through umbihealson 
both sides of the aft luselage 


I T 

L0 2 disconnect 


ORBITER I T 
LM ? DISCONNECT 


L0 ? VENT 


ml 2 tank 
lh ? vent 

lo 2 tank 


70 I H IX 

in, riu 

AXD DR A IX 


3 MAIN ENGINES 

2 100 000 N 470 000 LB VACUUM 
THRUST EACH 


EXTERNAL TANK 


3 $ 






ORBITER REACTION CON r ROL ANC 


The reaction control subsystem (K(S| lux »h 
biptopcllanl primary thrusters .nul o vernier thrusters lo 
provide altitude control and three-axis translation during 
the orhil inxertion. on -or hi I. and reentry phases ot lliglil . 
The HE'S conxixti of three propulsion u'*»ix. one in the 
forward module and »mc in each ol the aft propulxion 
pods All modulex arc used tor external tank separation, 
orbit insertion, and orbital maneuvers. Only the all K( S 
modules are used lor reentry attitude control. 


I he K( S propellants are nitrogen tetroxide ( S ,tl 4 1 as 
the oxidi/cr and monomelhylhydra/inc (MMUl as the 
luel I lie design nux'ure ratio of 1.6 I (oxidi/er weight 
to luel weight) was set to penult the use ol identical 
propellant tanks for both luel and oxidi/er. I he 
propellant capacity ol the tanks m each module is (>()■> 
kilograms (I.V4.1 pounds) ot Nx0 4 and 1X| kilograms 
I H40 pounds )ol MMII 


ORBITER REACTION CONTROL SUBSYSTEM 



RCS 

helium 

TANKS' 


OMS 

V PROPELLANT 
k\ TANKS—* 


Of PLOVAELE COVERS 


FIXED 

THRUSTERS 


RCS 

PROPELLANT 
TANKS — 


VERNIER THRUSTER 


FORWARD RCS MODULE 


AFT PROPULSION SUBSYSTEM 
OMS RCS PODi 


1 FORWARD RCS MODULE 2 AF T RCS SUBSYSTEMS IN PODS 
30 MAIN THRUSTERS 14 FORWARD. 1 2 PE R AFT POD' 
THRUST LEVEL 3:, 70 N :■ 70 LB' VACUUM 
SPECIFIC IMPULSE 28V SEC 
MIB B9N-SEC 20 LB-SEC 

b VERNIER THRUSTERS 2 FORWARD AND 2 PER AFT POD 
THRUST LEVEL 111 N 2S LB 
SPECIFIC IMPULSE 228 SEC 
MIR 3 34 N-SEC 0.75lB<-SEC 
PROPELLANTS N ? 0 4 0XIDI2ER MMH TLEL 

PROPELLANT QUANTITY IVOOk-i 4366 LB AFT 

990 ko '2183 LB FORWARD 
MINIMUM IMPULSE BIT 


MIB 


OMS 

HELIUM 

TANK 


PRIMARY 
THRUSTERS 
12 PER AFT 
POD- 


VERNIER 
THRUSTERS 
2 PER AFT 
POD 


.T<> 




I 


ORBITAL MANEUVERING SUBSYSTEMS 


I Ik mbiial maneuvetmit subsystem (OMNI pm* ides 
i In 1 llnutl lo perform hi bn iniciliiin. i H bn 
cticulariiatiun. mini tianslei. lend.vvmit. and dcmbil. 
I Ik mtetiial OMS lanka^e it tl/cd In provide piopellanl 
capacity Im a change hi velocity of 405 m/wi (l(NN) 
It/sec) vt lien 1 1 if vehicle carnet a payload of 2‘) 5(K) 
kilo^iams (<>$ INN) pound*). A portion of lint velocity 
change capacity it used dunlin aacent. I lie I0M40 
kilograms (24‘KN) poundt) of utablc piopcHanl. plus 
420 kilngiams (‘*25 poundt) of ictidualt and lottct, it 
conlaincd in Iwo *X*ds. one mi each tide of tlif all 
fuselage. I ach pod conlaint a lughpiessuie helium 
storage hoitle. lank prfctun/alimi regulators and 


conliolt.a luel lank. an oxidi/ei lank, and a pressure-led 
true ne lalively cooled tockel engine > ach eiiKine 
ptodueft a vacuum llnutl ol 2i> 7(H) rewind* (MNN) 
poundt) al a chambei piettuie ol Mil tlO \/m* (125 
ptia) and a tpccilk impulse ol 414 teemids 

The OMS and KCS piopellanl lines are 
interconnecled 1 1 1 lo supply piopellanl from Ihe OMS 
lanks lo ihe K( S Ihiutlcrs on otbil and (2) lo piovidc 
ciossleed between Ok led and li^lif K< S tytlems In 
addition. propellant lines limn Ihe auxiliary OMS tanks 
in ihe Oibilei cargo bay (if canard as a mission kill 
mleiconnecl with Ihe OMS piopellanl linet in each pod 


ORBITAL MANEUVERING SUBSYSTEM 


payload 

BAY OMS KITS 



PITCH AND VAs\ 
ELECTROMECHANICAL 
CIMBAL 
Af Tl AT0»S- 

RCS 
HELIUM 

TANKS- 


OMS 

PROP! LLANT 
TANKS 


RCS 
PROPELLANT 
TANKS 


OMS ENGINE CHARACTERISTICS 

THRUST 

?6 700 N 6000 LB 


VACUUM 

SPECIE 1C IMPULSC 

313 SEC 

CHAMBER PRESSURE 

06 1 050 N 125 PSIA 

MIXTURE RATIO' 

1.65 1 


I* 4 PITCH 

GIMBAL CAPABILITY 

j • B YAl\ 


OMS 
C Nf.lNf 



-OMS 

mEULM 

TANK 


LEPT APT POO 


OMS TANKAGE CAPACITY POR 305 SEC 
1000 PT SEC VELOCITY CHANCE • 

PUEL MMH WEIGHT 40R7 w, 9010 LB 

0XIDI7ER N ? 0 4 SVEIChT 6 743 n, 14 P66 LB i 
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ORBITER STRUCTURE SUBSYSTEM 


I Ik* Otbiler structure is commuted primarily of 
aluminum protected by reusable surface insulation The 
primary structural subassemblies are the crew module 
and forward tutelage, mldfuvelagr and payload bay 
doorv all fuselage and engine thrust structure, wing, amt 
vertical tall 

I lie crew module is machined aluminum alloy plate 
with mtegial stillening stringers and Internal I taming and 
is welded to create a pressure-light vessel The module 
has a side hatch for normal ingress and egress, a hatch 
Into the airlock from the crew living deck, and a hatch 
from the airlock into the payload bay Ihe forward 
tuselagc structure is aluminum alloy sk in/st ringer panels, 
frames, and bulkheads. The window frames ate 
machined pail* attached to the structural panels and 
frames. 

The midluselagc is an integral machined panel 
stniciuie and is the primary caitying structure between 
the lotwaid and all fuselage; it also inJudes the wing 
carrythrough sliucture. ihe tianics ate constructed as a 


combination of aluminum panels with riveted ot 
mac limed mtegial stiffeners and a truss structure center 
section Ihe uppei hall of the mtdluselage consists ol 
structural payload bay doors, lunged along Ihe side and 
split at ihe top centerline. 

Ihe mam engine Ihtust loads to the nudfuselage and 
external lank are carried hy Ihe alt lusclage structure 
this stiiKluie Is an * •••Unum mtegial machined panel 
and itkhides a tr- >pc internal titanium structure 
reinforced with boron epoxy A honey comb -base 
aluminum heat shield with insulation at the teat protects 
the main engine systems 

Ihe wing is constructed with cortugalcd spat web 
truss- type rths. and itvctcd skm/stimgit covers of 
aluminum tlloy. Ihe elevonv are constructed ol 
aluminum honeycomb. 

Ihe vettical tall Is a two-spai. multirih. vtiltcncd-vkin 
I m»x assembly of lumtnum alloy. The tail is bolted to 
the aft fuselage at the two main spats flic tuddet/speed 
htake assembly is divided into uppei and lower sections. 



• SKIN STRINGER 

• HONEYCOMB PANELS 


[ vertical tailI 

• SKIN STRINGER TIN COVERS 

• HONEYCOMB RUDDER ( fEI 

• MACHINED SPARS 

• SHEET METAL RIBS 


• SKIN STRINGER COVERS 

• WEB AND TRUSS SPAR 

• ELEVON - HONEYCOMB 

COVERS 


1 1 


[l A,( 0A( I AV BOOR 1 J 

• TWO DOORS SRI IT AT VERTICAL 

• ONE-PIECE DOOR 

• GRAPHITE EPOXY HONEYCOMB 


• CONVENTIONAL ALUMINUM STRUCTURE 

• MAXIMUM TEMPERATURE 450 K 3S0T' 

• PROTECTED BY REUSABLE SURE ACE INSULATION 


CREW MODULE AND 
rORVVARD rust I At .1 


MIDfUSELAGE 


[ Ar f Fusela~ge~1 

• SKIN STRINGER SMELL 

• TITANIUM BORON I t’OXY 

THRUST STRUCTURE 

• ALUMINUM H0NEYC0MI BA SI 

HEAT SHIELD WITH THERMAL 
INSULATION 









ORBITER THERMAL PROTECTION SYSTEM 


The thermal protection subsystem ( IPS) consist* of 
material* applied externally lo the primary structural 
'hell of (tie Othiiei vehicle lu maintain the aiiframe 
within acceptable lempetalure llmtti. I lie IPS it 
cumpoted ul twn type* nl reusable curlacc insulation 
( KSI a high-temperature structure coupled with 
Internal insulation, thermal window pane*, and thermal 
teal* to protect again*! aerodynamic healing 

The Orbitcr I* predominantly covered by KSI made 
of coated tillca tile The two type* of KSI differ only 
physically to provide protection for different 
temperature regime*. The low-temperature reusable 


surface insulation f I KSI f I* 20-s.entimelcr (H inch) 
si|uare silica tile* and cover* tlie top of the vehicle whcie 
lempcuiuie* are less than VM k 1 1 'on I I Hr 
high lemperalure reusable surface Insulation (IIKSl) is 
15-centimeter (<> inch) septate silica tiles and covers the 
b ill out and some leading edges ol the Othiiei where 
temperature* are below 1500 k (2300* H A 
high temperature itructure ol reinforced carbon-carbon 
(Kt ( | i* used with internal insulation lor the nose cap 
and wing leading edge* where tcmperatuie* are greater 
than I $00 Kf 2300* H 


INSULATION 

AREA 

MAXIMUM 

DESIGN 

TEMPERATURE 

LRSI 

603 m 2 
'6488 FT 2 ) 

900 K 11200* F) 

HRSI 

434 m 2 
46 TO FT 2 ) 

1300 K (2300° F) 

RCC 

38 m 2 
409 FT 2 ) 

1800 K 2800* F' 

TOTAL 

10 75 ■ 2 
111 56 7 FT 2 

1 

1 




TYPICAL ’ILL INSTALLATION 


MR S I 


ALUMINUM 

STRUCTURE 


COATED 
SILICA TILE 


STRAIN 
ISOLATOR 
PAD 


FILLER 

BAR 
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PAYLOAD ACCOMMODATIONS 


The Orbiict systems arc being deigned lu handle 
various payloads and lo support a variety of payluad 
functions The payload and minion specialist stations on 
the lliglit deck provide command and control facilities 
for payload opentioti* required by the cogni/^int 
scientist (the user). Remote-control techniques can be 
employed from the ground when desirable. The Spacclah 
payload provides additional command and data 
management capability plus a work area in the payload 
bay for the payload specialists. The crew will be able to 


use a manipulator to handle complete payloads or 
selected packages. 

The manipulator arm. complemented by the 
television display system, allows the payload operator to 
transfer experiment packages and cargo hi and out of the 
< >r biter bay. lo place into orbit spacecraft carried up by 
the Shuttle, and to inspect retrieved orbital spacecraft. 
The system can also aid in Inspection of critical areas on 
the vehicle exterior, such as the heal shield 


PAYLOAD/ORBITER INTERFACES 



0 MS /STORABLE PROPULSIVE 
PAYLOAD OXIDIZER PANEL 

r- OMS/STORABLE PROPULSIVE 
\ PAYLOAD FUEL PANEL 

A PAYLOAD POWER PANEL 

LA PAYLOAD PRELAUNCH 

SERVICE PANEL -7 > 

VV\\. PAYLOAD RETENTION / / 


FORWARD BULKHEAD 


REMOTE MANIPULATOR 
SYSTEM 


CRYOGENIC 
PAYLOAD 
FUEL PANELS 


AFT BULKHEAD 


CRYOGENIC PAYLOAD 
OXIDIZER PANELS 


— AFT 
FLIGHT DECK 
WINDOWS 


PAYLOAD 

UTILITY 

PANELS 


ELECTRICAL FEEDTHROUGH 
INTERFACE PANELS, GROUND 
SUPPORT EQUIPMENT, 
FLIGHT KIT 


AIRLOCK HATCH 


AIR 

REVITALIZATION 

UTILITIES 
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SUPPORTING SUBSYSTEMS FOR PAYLOADS 


4 PAYLOAD ATTACHMENTS 

• REMOTE MANIPULATOR HANDLING SYSTEM 

• ELECTRICAL POWER/FLUID/GAS UTILITIES 

• ENVIRONMENTAL CONTROL 

• COMMUNICATIONS. DATA HANDLING, AND 

DISPLAYS 

• GUIDANCE AND NAVIGATION 

• MISSION KITS 


original page H 
op POOR qualitJ 
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PAYLOAD HANDLING 

Flic deployment and retrieval ol payloads are installed and controlled separately lor payloads requiring 

accomplished by rising the general-purpose remote handling with two manipulator' I aeh aim has icitiotel) 

manipulator system Payload retrieval involves the controlled television ami light' to provide side viewing 
combined operations of rendezvous, station keeping, and and depth perception lights on booms ami side 

manipulator arm control. One manipulator arm o bulkheads provide appropriate illumination levels bu 

standard equipment on the Orbiter and mas be mounted any task that must be performe I in the payload bay 
on either the left or right longeron \ sei id aim can be 


i ' 


PAYLOAD DEPLOYMENT/RETRIEVAl MECHANISM 





MANIPULATOR 


AN 14 T 

MlCHANtSM 


X. 


PITCH 

SHOULDIR VAW ACTUATOR 

JtTTISON SUBSVSU V 
Df PtOVMf NT Ml C MANIS V 
17249 im" 679. SIN. 


INOlffCC TOR 609 h-r • 
74IN.HATINSI0N 


WRIST PITCH. >AM 
AND ROLL ACTUATORS 


MANIPULATOR 
HAND CON TROU IRS 


manipulator jcttison 
SL'BSVST fM 
LOWIR ARM Df PlOVMTNT 
Ml C MANIS M 


IBOW PITCH ACTUATOR 

RITINTION LATCH ) PLACES 
MANIPULATOR JtTTISON SUBSVSTI V 
UPPIR ARM 01 PLOW! NT MIChANISM 





CREW CABIN AND CREW ACCOMMODATIONS 


The Orhitcr cabin if designed at a combination 
working and living area. The pressurized crew 
compartment lias a large volume, 71.5 m J (2525 ft J ). 
and contains three levels. The upper section, or lliglit 
deck, contains the displays and controls used to pilot, 
monitor, and control the Orhitcr. the integrated Shuttle 
vehicle, and the mission payloads. Seating for four 
crewmemhe's is provided. The midsection contains 
passenger seating, the living area, an airlock, and avionics 
equipment compartments. An aft hatch in the airlock 
provides access to the cargo hay. The lower section 
contains the environmental control equipment and is 
.eadily accessible from above through removable floor 
panels. 

f light deck displays and controls are organized into 
four functional areas: (I) two forward-facing primary 
fi ght stations for vehicle operations, (2| two alt-facing 
ration*, one for payload handling and the other for 
docking. (5| a payload specialist station for management 
and checkout of active payloads, and <4| a mission 
specialist station lor Orhitcr subsvstem/payload 
interface, power, and communications control in the 
remaining (light deck area. 

The forward-lacing primary lliglit stations are 
organized in the usual pilot-copilot relationship, with 
duplicated controls that permit the vehicle to be piloted 
from cither seat or returned to I artli by one 
crewmember in an emergency. Manual lliglit controls 
include rotation and translation hand controllers, rudder 
pedals, and speed brake controllers at each station. 


The payload handling station, the all-laving station 
nearest to the payload specialist station, contains those 
displays and controls lequued to manipulate, deploy, 
release, and capture payloads The person at this station 
can open and close payload bay doors, deploy the 
coolant system radiators; deploy, operate, and slow the 
manipulator aims, and operate the lights and television 
cameras mounted in the payload bay. Two closed-circuit 
television monitors display video from the payload hay 
television cameras lor monitoring payload manipulation. 

The docking station, the aft-facing station nearest to 
the mission specialist station, contains the displays and 
controls required lo execute Orhitci atlitude/translalion 
maneuvers lor terminal-phase rendezvous and docking 
Located at this station are rendezvous radai controls and 
displays (including a crotspoinler lor displaying pilch 
and roll angles and rales), rotation and translation band 
controllers, (light control mode switches, and an attitude 
director indicator 

The payload specialist station, just alt and to llic lei t 
of the commandei’s station, includes a 2-squarc-meter 
(20 square loot) surface area lor installing displays and 
controls unique to a specific payload. A cathode tay 
tube (( KT) display and keyboard may be added for 
communication with payloads through the Orhitcr data 
processing subsystem. Standardized electrical interfaces 
arc provided for payload power, monitoring, command, 
and control, forced-air coding can be provided for 
equipment requiring heal removal. 


PILOT STATION 


COMMANDER 

STATION 



-MISSION 

SPECIALIST 

STATION 


FOUR SEATS 


SLEEP 


AVIONICS - 


DOCKING AND 
PAYLOAD HANDLING 
STATIONS 

PAYLOAD 
SPECIALIST 
STATION 


STOWAGE 



GALLEY 


STOWACE 
HYGIENE 
TWO SEATS 


FLIGHT SECTION 


MIDSECTION 
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I lie mission specialist hi .iht *ii. |ii>i .ill .iiul in I lie riv’lil 
t*l i lie pilot's \i.iiiini contains .he dlepl jy s aiidenntinls 
requited In manage Oilutei/paylnad interlaces and 
payload subsystems that ate enik.il in the s.deiy ol the 
(hhilei \ii an \ ili.ii > .union and \\ .11 inti display it 
piovidcd al 1 1 * is Hlalioii lo delev I and aleil 1 tie ciess to 
eiiiie.il malfunctions m ilie p.i>load systems Mils station 


is equipped lo iimnitoi, eonimaiid. eonliol. and 
eoiiunuiikale willi allavlied 01 ilelailied pa>lo.nls It 
also piovides lot the manage menl ol oii'orhil 
housekeeping lunellons and >>1 Oihilei subsystem 
lunelious dial aie not lliglii v rilieal and dial tin not 
teqiiiie nnmcdiale access 







GAUEY DETAILS 


CMTIftGt Hi > COOP 


TAAyJ 17 


MASfl 

tABUtS AAHTATV 


AAMB OISPI HSt » 


GAlUV AlPtS 


PttPABATIO* 

DtVICI 
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PAYLOAD ATTACHMENTS 


Numcioo* attachment point* uIimi^ itic *ide* and 
hottom ol the I H-metei (<*u loot) payload ha* pniviilc 
places Im the many payloads to he accommodated 
I hirtren pnmaiy attachment point* alony the Mile* 
accept longitudinal ami vetllcal loads Ihete ate twelve 


|*oci lion* alon|i the keel that take latetal load* Hie 
piopo*ed deciyn ol the *tandaid attachment llttmit 
Include* ad|u*tmenl capahihly to adapt to *pc*itk 
payload weight distribution* in the ha* 
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PAYLOAD BAY UTILIZATION 
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POWER SYSTEMS 


FUJI CELL POWER PLANT FCP' - 3 
7-WV WIN.. 7-kW CONTINUOUS 
1 7-kvY PEAK FCP 

1 S-VIN OURATION ONCE EVE RY 3 MR 



• POWER REACTANT STORAGE OIS T R ll;C T iOS 
SUBSYSTEM 

• POWER GENERATION SUBSYSTEM 

OXYGEN DEWAR TANKS 2.0 3S- 3 
17.3 FT 3 ' CAPACITY. /?40-kN 
10S0 PSIA WAX PRESSURE 


UMBILICAL SERVICE 


HYDROGEN DEWAR TANKS 

■hi 

2 


2, 0.67-m 3 73. S FT 5 ) 


CAPACITY, 7310-vN 
33S PSIA WAX. PRESSURE 


FCP SUEJSYSTEM 

• 14-kW CONTINUOUS ?4-cW PEAK 

• 77 S TO 37. S V DC 
REACTANT STORAGE 

• 1S30-XW*. MISSION ENERGY 

• 764-kW ABORT SURVIVAL ENERGY 

• SI k 9 <1 3 ? LB) OXYGEN FOR 
ENVIRONMENTAL CONTROL AND 
LIFE SUPPORT SYSTEM 

• 4? ku V? LB' 

HYDROGEN TANK | TOTAL LOADED 

• 3S4 kg IB 1 LB | QUANTITY 
OXYGEN TANK 


The Orbiler lias one system to supply electrical posse i 
and aiuilher system to supply hydraulic power. 
I lectrical power is generated by three lucl cells that use 
cryofenically stored hydrogen and oxygen reactants, 
bach fuel cell Is connected to one of three independent 
electrical buses. During peak and average power loads, all 
three tuel cells and buses are used, during minimum 
power loads, only two tuel cells are used but they ate 
interconnected to the three buses. The third fuel cell is 
shut down but can be reconnected within 1 5 minutes to 
support higher loads Excess heat from the tuel cells is 
transferred to the Eicon cooling loop through heat 
exchangers. Hydraulic power is derived from three 
independent hydraulic pumps, each driven by its own 
bydra/me-luelcd auxiliary power unit ( AIM ) and cooled 
by its own water boiler. The three independent 
hydraulic fluid systems provide the power to actuate the 
elevons. rudder/speed brakes. b«»dy flap, main engine 
gnnbal and control systems, landing geai brakes, and 
steering. While on orbit, the hydiauhe fluid is kept warm 
by heat from the Eicon loop. 


flic electrical power requirements of a payload will 
vary lluoughoul a mission. During the IO-niinulc 
launch- toorbit phase and the TO-minule 
deorbit-to-laiiding phase when most ot the experiment 
hardwaic is in a standby mode oi completely turned oil. 
KXKI watts average to IMXI watts peak are available 
Irom the Orhiter. During payload equipment operation 
on orbit, the capability exists to provide as much as 
7(XK) watts average to 1 2 (XXI watts peak lor major 
energy-consuming payloads. Eor the 7 -day-mission 
payload. SO kilowatt-hours ol electrical cnctgy arc 
available Mission kits containing consumables lor MO 
kilowatt-hours each are available m quantities required 
according to the flight plan. 

The operational use of luel cells tor manned space 
flight evolved during the (ienuni and Apollo Programs 
The Space Shuttle fuel cells will be serviced between 
flights and reflown until each one has accumulated StXK) 
hours of online service. 


4K 








AUXILIARY POWER UNIT SUBSYSTEM 


EXHAUST IXICTS 


APU'S 


OIL COOLING 
LOOP 
LINES 


ACCESS 

DOOR 


A PL) 

HYDRAULIC PUMP 



• ) INDEPENDENT SYSTEMS 

• 100 LIN <DS HP APU 

• ONE 0.74-»* ••in AS 
<ttl mini. 20 TOO ■ 
LN«* J000 PSD 
HYDRAULIC pump 

• MONOPROPtLLANT 

• hyDRA/IM 'N ? H 4 


gear box 


Xq JJ 198 mm 
I DO 7 IN . I 


TURBINE 
WIT H BURST 

protection 


LUBRICATION PUMP ■ 


OR6ITER SUBSYSTEM SUMMARY 
PROPULSION AND POWER 



49 








PAYLOAD POWER INTERFACE CHARACTERISTICS 
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ENVIRONMENTAL CONTROL 


Cooling services jit* provided lo payloads by the 
Space Slim lie . Miound support equipment provides a 
selectable temperature range dining ptelaunch activities 
Alter Ihc Orhiler lands, giound support equipment 
iinulai lo airline tupporl hardware n connected lo the 
cabin and payload bay lo control temperature level*. 

The payload bay it purged with conditioned air at the 
launch pad until 30 minute* before Ihc dart ol 
propellant loading, then dry nitrogen gat it supplied 
until lilt-olT. The payload bay it vented during the 
launch and entry phases and it unpressuri/ed during the 
orbital phase ol Ihc mission. The pressuie difference 
between the payload bay and outside air it minimised to 
allow a lightweight structure and thus an economical 
design hn the payload bay. 

The cabin atmosphere (temperature, pressure, 
humidity, carbon dioxide level, and odor) it controlled 
hy the cabin heat exchanger and associated equipment. 
The temperature is maintained between 2K‘> and 305 k 
«>r and **0° T). An oxygen partial pressure of 


0 KlGlNAk 

0 K POOR 


PAGE ® 
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ATMOSPHERIC REVITALIZATION SUBSYSTEM 


• III', CHONS 

• iMSQNDiotioi uooa sNowsna vacua <om«oi iSMissuai/ic 
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• MIS M 

• i ssis siMosereat imo<na toNt»oi 

• MIN AN Ai 'A. 

• All A A ( ■ A A 

W*N «IUUI«ID> 
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22 0t>5t|725 N/mZ <3.2 * 0.25 psia) is maintained, 
and nitrogen is added to achieve a total pressure ol 
101 355 N/mZ (14.7 p%i|. The oxygen is supplied from 




AVIONICS 


AIRLOCK 


WASTE WATER TANK 


WATER TANK 


AVIONICS 

BAY 

COOLING 

PACKAGE 


PAN AND 
CHECK VALVE 


AVIONICS BAY 
COOLING PACKAGE 


ATMOSPHERc 
REVITALIZATION SYSTEM 
WATER SEPARATORS 
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ilk’ same cryogenic lank* that supply Hie tud cell*. 
Nitrogen lui normal operation and emergency oxygen i* 
supplied from 20 700 kN/n»2 < WOO pu) pressure vessels 
mounted in llic midlusclagc. The cabin atmosphere and 
pail of ihc avionic equipment cooling n controlled ny 
air ilul is ducted llirougli tin* cabin beat exchanger. 

The radiator system locjted on Ilk' inside of Use 
payload bay door* Is the primary on-orbit heat rejection 
system. A water loop transport* the excess heat from Ihc 
cabin heal exchanger and remaining avionic equipnscnl 
I thiiHigli cold plates) to the Freon cooling loop by way 
of the cabin heat Inlcichangcr. The Freon cooling l<N>p 
delivers this heal, together with heat from the fuel cells, 
payloads, and cold plates of the aft avionic equipment. 


to I lie 1 1 1 -squaic-mclcr ( 1 1 *» A septate loot) (elite live 
aiea) baseline radiator*, where the heat is ladutcd Into 
spare. The water Hash evaporator is used to supplement 
the ladiator cooling capacity. I xtra radialoi panels can 
be added to accommodate payload* with high heat 
loads. 

During the assent and descent (down to an altitude ol 
TO MM) meters ( 100 (MM) leell. when the cargo bay door* 
are closed and the radiator* ate ineffective), cooling is 
provided by the cabin heal suhlimalorx From tlse 
altitude of TO MM) iik'lers ( 100 000 feet) to landing and 
connection with the ground support equipment. Ilk* 
ammonia boiler provides the required cooling 


ORBITER PURGE AND VENT *$YSTEM 


PURGE DUCT SYSTEM 
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CONSISTS OF 4 SEPARATE DEDICATED SYSTEMS 


• FORWARD FUSELAGE , FORWARD RCS , OMS PODS , 

WING, VERTICAL STABILIZER 

• MIDFUSELAGE (PAYLOAD AND LOWER EQUIPMENT BAYS) 

• AFT FUSELAGE (DEDICATED) 

• ET/ORBITER LH 2 , L0 2 DISCONNECTS 


EACH PROVIDES 


• THERMAL CONDITIONING 

• MOISTURE CONTROL 

• HAZARDOUS-GAS DILUTION 



LINER 

FRAME 


MIDFUSELAGE 

VENT 


VENT SYSTEM 



ORBITER ENVIRONMENTAL CONTROL 


optional payload 
RADIATORS 


DEPLOYID 

RADIATOR 

SECTION 


(iASEUNE RADIATORS 
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CABIN MEAT 
SDBL IMA TORS 
1 EACH SIDE' 





payload and 

FUEL CELL 
m| AT 

EXCHANGERS 


CONTROLS AND DISPLAYS 





CABIN HEAT EXCHANGER* 


HIGH-PRESSURE 
GAS TANKS 
<4 NITROGEN AND 1 OXYGEN 

AIR AND COLD-PLATE 
COOLED AVIONICS 


HYDRAULIC 
HE ATt PS* 


• COLD-PLATE COOLED AVIONICS • AMMONIA BOILER AND TANKS '21 
• WATER FLASH EVAPORATOR • GROUND SUPPORT EQUIPMENT HEAT EXCHANGER 



FLIGHT PHASE 

PAYLOAD COOLING SUPPORT 

PRELAUNCH 

SELECTABLE RANGE USING 

GROUND SUPPORT EQUIPMENT 

LAUNCH 

1 .5 kW THERMAL 

ON ORBIT 

6.3 kW THERMAL 

8.5 kW THERMAL WITH MISSION KIT 

ENTRY 

1 .5 kW THERMAL 

POSTLANDING 

COOLING SUPPLIED FnOM GROUND 
SUPPORT EQUIPMENT 
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ORBITER SUBSYSTEM SUMMARY 



AVIONICS 


The Shuttle avionics subsystem provides commands; 
guidance and navigation ((mLN) and control; 
communications; computations; displays and controls; 
instrumentation; and electrical power distribution, and 
control for the Orbiter, the external tank, and the SKB. 
The avionics equipmen* is arranged to facilitate 
checkout, access, and replacement with minimal 
disturbance to other subsystems. Almost all electrical 
and electronic equipment is installed in three areas of 
the Orbiter: the flight deck, the forward avionic- 
equipment bays, and the aft avionic equipment hays. 

The Orbiter flight deck is the center of both in-flight 
and ground activities except during hazardous servicing. 
Automatic vehicle flight control is provided for all 


mission phases except docking, manual control options 
arc available at all limes. Side-stick rotation controllers, 
rudder pedals, and trim controls allow manual control, 
and a computer provides commands for automatic High! 
control to the acrosurfaces or propulsive elements as 
required. Attitude information is obtained from the 
inertial measuring unit. Air data are provided by 
redundant probes deployed at lov.vt altitudes, (omhaled 
inertial measuring units provide the navigation reference 
arith star sensors for autonomous alincmcnl and state- 
vector update. During active rende/vous. a rendezvous 
radar is used to obtain range and bearing information. 
Orbiter-to-ground communication is by radiofrequency 
transmission in both frequency modulation and pulse 
code modulation (PCM) modes. 
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COMMUNICATIONS. TRACKING, AND DATA MANAGEMENT 


The payload communication*, tracking, and data 
management baseline configuration ha* sufficient 
flexibility to accommodate hum! payload* to that 
bctweenflight changes w>ll b>.' required only 
infrcqucrtly lor special missions. Voice, television, and 
data-handlmg capabilities support onboard control or 
rcn.otc control from the ground when desirable. The 
on-orbit and ground facility handling system must he 
very efficient to support the many payloads fo he down. 

The communications and tracking subsystem in the 
Orhiter supports Orhiter-to-payload communications as 
well as the transfer of payload telemetry, uplink data 


commands, and voice signals to and from the space 
networks. 

The data processing and software subsystem furnishes 
the onboard digital computation required to support 
payload management and handling. Functions in the 
computer arc controlled by the crew through main 
memory loads from the tape memory. Flight deck 
stations for payload management and handling arc 
equipped with data displays, CRT’s, and keyboards for 
monitoring by the crew and for controlling payload 
operations on a fliglit-by-flight basis using equipment 
supplied as part of the payload. 


TRACKING AND 
DATA RELAY SATELLITE 
(TDRS) 

SPACE SHUTTLE 
ORBITER 

r\. FREE-FLYI . 
SATELLITE 



COMMUNICATIONS AND 
DATA MANAGEMENT 




GROUND STATION 


FUNCTION 

GROUND 

TO 

ORBITER 

ORBITER 

TO 

GROUND 

GROUND 
TO ORBITER 
VIA TDRS 

ORBITER 
TO GROUND 
VIA TDRS 

ORBITER 
TO SATELLITE 
fPRIME OR RELAY) 

SATELLITE 
TO GROUND 
VIA ORBITER 

VOICE 

X 

X 

X 

X 

X 

X 

TELEVISION 


X 


X 



ENGINEERING 

DATA 

X 

X 

X 

X 


X 

SCIENTIFIC 

DATA 


X 

X 

X 


X 

COMMANDS 

y 


X 


X 


GN&C 

X 

X 

X 

X 

X 


TIMING 

X 

X 

X 

X 


X 

CAUTION AND 
WARNING 


X 


X 


X 


55 




ORBITAL COMMUNICATIONS AND TRACKING LINKS 


DETACHED 

PAYLOAD 


TELEMETRY TLM', voicr 


• TRANSMIT COMMANDS OR DIGITAL VOICE 

AND COMMANDS TLM 

• RCCEIVt TLM AND DIGITAL VOICE 
. • RADAR TRACKING 


f TACKING AND DATA 
RELAV SATELLITE 
TORS — I 


S-BAND 

• PULSE MODULATION PM) UPLINK 
172 KBPS) VOICE <2 X 32 KBPS , 
COMMANDS 6 4 KBPS <2 KBPS INFOR- 
MATION ENCODED . AND 1 6 KBPS 
SVNC MRONIZED INTERLEAVED 

• PM DOWNLINK 192 KBPS' VOICE 

12 X 32 KBPS' AND 12B KBPS ORBITER 
PCM TLM WITH INTERLEAVED 
rREQUENCV PAYLOAD DATA <64 KBPS 

• FREQUENCY MODULATION TM' DOWN- 
LINK TIME SHARED. WIDE-BAND 1 
PAYLOAD DATA (ANALOG OR DIGITAL \ 
TELEVISION, DUMP RECORDED DATA. . 
TO 4.0 MHj OR 5.0 MBPS 



-ONE-WAY DOPPLER 
EXTRACTION 


S-BAND 

• PM UPLINK 32 KBPS' 

• PM DOWNLINK 96 KBPS 


TWO-WAY DOPPLER 
EXTRACTION 


-BAND 

PM UPLINK 72 KBPS * 1 MBPS 
PM DOWNLINK r 2 MBPS ♦ '-50 MBPS 
FM DOWNLINK '2 MBPS ♦ *4.2 MH, 
• 192 KBPS) 


-TDRS GROUND STATION 


SPACE TRACKING AND DATA NETWORK 
IS TON GROUND STATION 


GUIDANCE, NAVIGATION, AND CONTROL SUBSYSTEM 


FLIGHT DECK 

• MANUAL CONTROLS 

• INDICATORS 

• DISPLAYS 

• BACKUP OPTICAL UNIT 


NOSE 
AIR DATA 
COMPUTER 

NOSE BOOM 
'ORBITER 101 ONLY) 


FORWARD CABIN AREA 

• STAR TRACKERS 

• INERTIAL MEASUREMENT UNIT 



. DRIVERS AND ACTUATORS | 
• AEROSURFACES 
• • PROPULSIVE ELEMENT • 




FORWARD AVIONICS BAYS 

• TACANS 

• MASS MEMORIES 

• radar ALTIMETERS 

• MULTIPLEXER DEMULTIPLEXER 

• MICROWAVE SCAN BEAM 

• UHF RECEIVER 

LANDING SYSTEM MSBLS 

• RENDEZVOUS SENSOR 

RECEIVERS 

ELECTRONICS 

• AIR DATA TRANSDUCER 

• ACCELEROMETERS 

ASSEMBLY 

• ONE-WAY DOPPLER 

• RCS JET DRIVER FORWARD' 

• GENERAL-PURPOSE COMPUTERS 

EXTRACTOR 


AFT AVIO.IICS BAYS 

• RATE GYROS 

• AEROSURFACE SERVOAMPLIF IER 

• REACTION JET QMS DRIVER AFT 

• MULTIPLEXER DEMULTIPLEXER UNITS 
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The Orhiler is capable of achieving any desired 
vehicle attitude and initiating a pointing vector defined 
in its sensor-fixed axis system to any ground or celestial 
object within an accuracy of ±0.5°. Pointing vector 
accuracies with respect to an open loop payload 
sensor-fixed axis system are not as exact as the vehicle 
pointing accuracies because large misalinemcnt and 
structural deformation error sources exist between the 
sensors. However, when the Orbitcr guidance, 
navigation, and control system and a more accurate 


payload-mounted sensor are operated in a closed loop, 
payload pointing accuracies approaching ±1)1 deg/axis 
are possible. In either case, the Orhiler can be stabilized 
at a rale as low as tO.OI deg/sec. Payloads requiring 
mote stringent pointing and stability accuracies must 
provide their own stabili/ation and control system lor 
that particular experiment. Orbiler guidance, navigation, 
and contiol system data interfaces are also provided to 
accommodate these types of payload requirements. 
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SHUTTLE 

ANVCOTATIOM ITSTIM 

1980 S 

OPE RATION AU 
PHASE 


15 000 
HOURS 10 000 
5 000 


1 — — 

PROGRAM 

MERCURY 

L_ _ - .X- 

GE MINI 

APOUO 

i J 

SK YlAB 

PROGRAM 
MAN HOURS 
IN SPACE 

T 

S 4 

1 940 

’ ' 
7 506 

12 3 SI 

NUMBER Of 
MANNED 
Ei'GHTS 

1 1 

6 

l. 

• 

] 

II 

1 

3 

CREW SIZE 

■1 

1 | 2 

3 

1 I 



3 _ 


CUMULATIVE MAN HOURS IN SPACE 
21 8S1 HOURS 24 MINUTES 41 SECONDS 


REUSABLE SPACE HARDWARE 


Hu* Space Shuttle eta will emphasize operational 
reuse ol tli|tlit hardware. winch will result in low cut! pet 
lliplit to the u cen. l ow coil wai and continuei to he the 
haiic concept on which the total space tiainpoiialion 
system ii being developed. In addition, the Space Shuttle 


operational ph.se will last much longer than tlic 
developmental pliaie. ai illustialed in tlie following 
figure. Multiuse mission support equipment, like (lie 
Space Shuttle Oihiler. is being leadied and will also he 
letlown in support ol a wid< variety ol payloads 


MANNED SPACE FLIGHT PROGRAMS 


| CALENDAR YEAR 

□ □□ 

nnnnn 
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□Dan 

SPACE SHUTTLE 
PAYLOAOS 

FIRST VERTICAL FLIGHT A |A OPERATIONAL FOR PAYLOAOS 
■ » I I 
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MISSION KITS 


A group of mission kits to provide special or 
extended services lor payloads will he added when 
required and will he designed to he quickly installed and 
easily removed. The major mission kits are as follows. 

• Oxygen and hydrogen for fuel cell usage and to 
generate electrical energy 

• Life support for extended missions 

• Added propellant tanks for special on-orbit mission 
maneuvers 


• hxtra or specialized attachment linings 

• Transfer tunnels and docking modules 

• A second remote manipulator arm and an extra 
high-gam antenna 

• Till. vent, drain, purge, and dump lines 

• Additional radiator panels for increased heal 
rejection 

• Additional storage tanks 

• Licet heal harnesses 
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KSC SHUTTLE SYSTEM GROUND FLOW 



SAFING 


MAINTENANCE and 

CHECKOUT 


LANDING 


payload operations 


ORBITER CYCLE 


PRELAUNCH 


VEHICLE ASSEMBLY 


PAYLOADS 
INSTALLED 
ON PAD 


EXTERNAL TANK DELIVERY 


SOLID ROCKET BOOSTER 
(SRB> RETRIEVAL 


SRB REFURBISHMENT 


SRB CYCLE 


SPACE SHUTTLE LAUNCH SITES. OPERATIONAL DATES, AND INCLINATION LIMITS 


Space Slim l Ic (lights will be launched from two 
locations, the NASA John F. Kennedy Space Center 
(KSC) in Florida and the Vandenberg Air Force Base 
(VAIB) in California Present program planning calls foi 
a gradual buildup of 40 to <>0 total llighls pet year into 
many varying oibits and inclinations 

To attain operational status by lost). Space Shuttle 
oihilal test flights are scheduled to begin Iron! KSC 
during l‘»70. VAI B is planned to be available in the 


eaily 1‘ffiOY The vanous orbital inclinations and then 
related launch azimuths are illustrated for each site. 
Together, these capabilities satisfy all known future 
requirements. Payloads as large as 2 '> 500 kilograms 
(05 000 pounds) can be launched due east from KS( 
into an oibn ol 2H.5 inclination. Payloads of 14 500 
kilograms (.12 (too pounds) can be launched from VAI B 
into the highest inclination orbit ol 104 Polar orbiting 
capabilities up to I x 000 kilograms (40 (XX) pounds) can 
be achieved from VAI B. 


hO 


LATITUD' 


ORBIT INCLINATIONS AND LAUNCH AZIMU.HS 
FROM VAFB AND KSC 


ALLOWABLE 

VANDENBERG AIR TORCE BASE KENNEDY SPACE CENTER 



LONGITUDE, DEG W 
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ECONOMIC IMPACT OF SPACE SHUTTLE 


Hick* is abundant and well-documented evidence ul 
the widespread benefits llo wing from the space program 
to the nation and. indeed, to the world. The fields ol 
medicine, cnmiminicalions, navigation, meteorology. 
I aith resources exploitation, and many others have been 
enriched. The Shuttle will increase these benefits and 
bring others in the future. However, the space program 
also spawns many less apparent economic benefits that 
are potentially as sign (leant as the direct contributions. 
These indirect economic effects are not widely 
recognized, nor do they constitute the primary 
justification tor the space program. Vet several recent 
studies have shown that they strengthen the nation's 
economy by making important contributions in our 
efforts to solve our basic economic problems. 

Economists have long known that technological 
advance is the primary source of higher productivity and 
economic growth, and that research and development 
(KADI is the chief contributor to technology, "hat is 
new is the preponderance of recent evidence that 
high-technology efforts such as the Shuttle and other 
space programs have a more potent effect on the 
economy than most other forms ol KAI) activity 

The reasons for the high technological Icvciagc ol the 
space program are straightforward. One is that the 
government-industry space team has consciously 
developed and implemented highly effective mechanisms 
for identifying and transferring space technology to 
other sectors ol the economy lor subsequent nonspace 
applications. Another reason is that industries 
performing space research are among the most 
technology-intensive and -innovative in the economy 
they generate the all-important technology stimulus the 


ll.S. economy must have tor improved productivity rates 
and expanded output. 

These same industries ate the ones the I ruled States 
relies on in its efforts to maintain favorable trade 
balances. I xpanded exports of high-technology products 
will offset the traditional negative balances in minerals, 
taw materials, fuels, and low -technology manulaciured 
goods In this regard, the Space Shuttle Piogram will 
contribute favorably to the l'.S. trade posture in two 
ways. It will help speed the pace of technology because 
ol its highly stimulative effects on those 
technology -intensive industries that are depended on tor 
a high dollai volume of exports. And it will contribute 
directly by launching and servicing the satellites ol other 
nations. The ability of the Shuttle to piovidr launch 
services at lower costs and to oiler orbital maintenance 
services never before available should markedly increase 
foreign participation in ILS. space exploration and 
exploitation. 

The l'.S. accomplishments in science, technology, 
exploration, and Earth applications attest to our success 
m meeting the goals o| the National Aeronautics and 
Space Act during the past l<> years The ancillary 
benefits ol die space program its ability to stimulate 
the economy, its applications to the solutions ol 
earthbound problems, its contributions to international 
cooperation; and Us creation ol tens ol thousands ol 
lobs for our highly skilled scientists, engineers, and 
technicians provide further proof of this success 
I hexe accomplishments and benefits should weigh 
heavily m the deliberations ol policymakers as they 
determine the level ol resources to be allocated to the 
Space Shuttle and the payloads in ibis and coming 
decades. 
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TO ESTABLISH A NATIONAL SPACE TRANSPORTATION CAPABILITY THAT WILL 

• SUBSTANTIAUY REDUCE THE COST Of SPACI OPERATIONS AND 

• PROVIDE A CAPABILITY DESIGNED TO SUPPORT A WIDE RANGE 

OE SCIENTIMC APPLICATIONS DEFENSE COMMERCIAL AND 
INTLRNATIONAL USES 





SPACE SHUTTLE PARTICIPANTS 


Overall direction of the Shuttle Is in the Space 
Shuttle Program Office of Manned Space Might at 
NASA Headquarters in Washington. DC Tim office is 
responsible for the detailed assign. neni of 
responsibilities, basic performance requirements, control 
of ina|or milestones, and funding allocations to tin. 
various NASA field centers. 

The Lyndon H Johnson Space Center 4 JSC' ) in 
Texas is the lead Center and as such has program 
management responsibility for program control, overall 
systems engineering and systems integration, and overall 
responsibility and authority for definition of those 
elements of the total system that interact with other 
elements, such as total configuration and combined 
aerodynamic loads. JSC also it responsible for 
development, production, and delivery of thr Shuttle 
Orbiler and manages the contract with I'.ockwcll 
International Space Division. 


Ihe John T Kennedy Space Center (KSt » in 
Honda is responsible for tne design of launch and 
recovery facilities and will serve as the launch and 
landing site lor the Space Shuttle development flight and 
for operational missions requiring launches in an easterly 
direction. 

Ihe fieorge ( Marshall Space I light Cenlei (MSM I 
in Alabama is responsible for Ihe development, 
production, and delivery of the Orhiter main engine, the 
solid rocket booster, and the hydrogen /oxygen 
propellant lank 

The contractor team is still growing as the initial 
manufactured hardware takes form All pnme 
contractors and subcontractors involved to date are 
listed on the following pages 
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Contractor 

Location 

System/subsystcm 

Abex Corporation. Aerospace 
Division 

Oxnard. Calti 

Variable-delivery hydraulic pump 

Aerodyne Controls Corporation 

Larmingdale. N.Y 

Oxygen, hydrogen check valve iiuel cell 
and environmental control life 
support system) 

Pressure relief valve (water) 

Aerojet General. Aerojet 
Liquid Kocket Company 

Sacramento. Calii. 

Orbital maneuvering system engines 

Aerospace Avionics 

Bohemia. N.Y, 

Annunciator assembly, caution/warning 
Annunciator display general requirements 
Annunciator, performance monitoring 
Annunciator, special 

Aeioquip Corporation. 

Aerospace Division. 
Marntan Division 

Lus Angeles. Calif. 

Couplings tor environmental control and 
life support system 

Aiken Industries. Mechanical 
Product Division 

Jackson. Mich, 

Thermal circuit breakers 

AIL. Culler Hammer 

Larmingdale. N.Y. 
Milwaukee. Wis. 

Microwave scan beam landing system, 
navigation set 

Reniote-cuntrol circuit breaker 

AiResearch Manufacturing 
Company. Garreit 
Corporation 

Torrance. Calif. 

Aii data transducer assembly 
Cabin air pressure safely valve 
Air shutoff solenoid valve 

Airitc Division. Sargent 
Industries 

LI Segundo, Calif. 

Helium receiver (spherical), surge 

pressure main propulsion system (MI’S), 
relief of gaseous helium during MPS 
actuation of valves and external tank 
<LT ) disconnects 

Atnciek Calmec 

Pico Rivera, Calif. 

MPS liquid hydrogen shutoff valve 
MPS liquid hydrogen disconnect . Orbitcr- 
tu-tank recirculation and replenishment 
system 

MPS gaseous hydrogen/gaseous oxygen 
disconnect. Orbiter-tu-tank 
pressurization system 


60 











Contractor 

Location 

Syslem/subsystem 

Ametek Strain 

LI Cajon. Calif- 

MPS liquid hydrogeii and liquid oxygen 
fill and drain assembly 
MPS liquid hydrogen recirculation and 
replenishment line assembly 

Amex System 

Lawndale. Calif 

High-temperature, (light instrumentalion 
coaxial cable 

Applied Resources 

Fairfield. N.J. 

Rotary switch 

Arkwin Industries 

Westbury. N.Y. 

Hydraulic reservoir, bootstrap 
Six-way. two-position hydraulic conttol 
valve 

Three-way, two-pusilloii hydrautlc 
control vulve 

Arrowhead Products. Division 
of federal Mogul 

Los Alainitos. Calif- 

Space Shuttle main engine liquid oxygen 
and liquid hydrogen lecdlines 
Coupling sleeve and flexible ducting 
for environmental control and life 
support system 

Avco 

Wilmington. Mass. 

Uu-band antenna, microwave scan beam 
landing system 

Aydin. Vector Division 

New'toii. Pa. 

Wideband frequency division 
multiplexing unit 

Hall Brothers Research 

Boulder. Colo. 

Star tracker 

Beech Aircraft • 'rporatlon. 
Boulder Division 

Boulder. Colo. 

Power reactant storage assembly 

B. F. Goodrich Company 

Troy. Ohio 
Akron. Ohio 

Main and nose landing gear wheel and 
main landing gear brake assembly 
Main and nose gear lires 

Bell Industries 

Gardena. Calif 

Modular terminal boards 

Bendix Corporation 

Sydney, N.Y. 

High-density connector, data processing 
software 
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Contractor 

Location 

Syslem/subsysiem 

Bendix Corporation 
(continued) 

Teterboro. N.J. 
franklin. Ind- 
Davenpurt. Iowa 

Surface position, alpha Mach, and 
altitude/vertical velocity indicators 
Trluxial connector (bj-ohmi. electrical 
power distribution system 
Accelerometer 

Bertea Corporation 

Irvine. Calif. 

Main landing gear hydraulic upluck 
actuator 

Main landing gear strut actuator 
Nose landing gear upluck actuator 

Boeing 

Houston. Tex 
Seattle. Wash. 

Sneak circuit ana'vsis 
Carrier aircraft modification 
Tooling 

Bomar/TIC 

Newbury Bark. Calif. 

Variable transformer, displays and 
Controls 

Bussman Division of McGraw 

St, Louis. Mu. 

General luse 

Seal for bulkhead window conditioning 
system 

Brunswick 

Lincoln. Neb. 

f ilament wound tank (developmental 
program) 

Carteton Controls 

Last Autoiu. N.Y. 

Atmospheric pressure control system 

Celesco Industries 

Costa Mesa. Calif. 

Smoke detection 
fire suppression system 

Client Trie 

Rosemont. III. 

Silver ion generator, environmental 
control lite support system 

Circle Seal 

Anaheim. Calif. 

Purge, vent, and drain check valve 

Columbus Aircraft Division. 
Rockwell International 
Corporation 

Columbus. Ohio 

Body (lap structure 

Conrac Corporation 

West Caldwell. N.J. 

MI'S engine interface unit 
Mission timer 
Lvcni timer 









Contractor 


Location 


Syslem/subsystem 


Consolidated Control* 

El Segundo, Calif. 

Fuel isolation valve auxiliary power 
unit 

Unidirectionul/bidirectional shutoff 
valve tor fuel cell power plant and 
environmental control life support 
system 

Convair Aerospace Division 
cf General Dynamics 

San Diego. Calif. 

Midfuselage (includes midfuselage glove 
fairing) 

Corning Glass 

Corning, N.Y. 

Windshield and windows 

Crane Company-Hydro Aire 

Burbank, Calif. 

Main landing gear brake antiskid 

Crissair Incorporated 

El Segundo. Calif. 

Hydraulic check valve 
Hydraulic flow restrictor 

Datum Incorporated 

Anaheim, Calif. 

Multiclmnnel closed-loop structural 
test 

Deutsch 

Banning, Calif. 

General-purpose electrical connector 

Edison Electronics. Division 
of McGraw Edison 

Manchester, N.H. 

Digital select thumbwheel switch 
Toggle switches 

Edcliff Instruments 

Monrovia. Calif. 

Position transducer, landing gear and 
rudder. Orbiter 101 approach and 
landing flight test 

Eldec Corporation 

Lynnwood, Wash. 

Dedicated signal conditioner (subsystem 
pressure, temperature, etc., to 
i ultiplexer. demultiplexer 
Tape meter 

Proximity switch (landing gear 
operation) 

Electronics Associated 

West Long Branch, K.J. 

Analog computer system (Space Division 
simulator) 

Electronic Resources 
incorporated 

Los Angeles, Calif. 

Coaxial cable (special external- 

temperature cable for communication 
tie. links) 

Ellncff 

Corona, N.Y. 

Hatch latch actuator 
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Contractor 


Location 


System/subsystem 


LnJcvcc 

San Juan Capistrano. Calif. 

Pie/.o electric uccci.rometcrt flight 
instrumentation vibration-acoustic 
data) 

Acoustic pickup plc/o electric 

(development flight instrumentation 
acoustic data Orbiter lOi l 

Explosive Technology 

Fairfield. Calif. 

Pyrotechnic crew escape interseat 
energy, transfer and sequencer 

Fairchild Republic 

Farmingdale. N.Y. 

Vertical tall 

Fairchild Stratos 

Manhattan Beach* Calif, 

MI’S shutoff propellant prevalves 
MI’S liquid oxygen overboard bleed 
disconnect 

MI’S fill and drain valve propellant 
Ammonia boiler subsystem (rejects heat 
during reentry) 

MPS helium and gaseous nitrogen 
pneumatic disconnect 
MPS liquid oxygen and liquid hydrogen 
relief shutoff valve 

Forward and aft reaction control system 
(RCS) helium pressure regulator 
Cryogenic fluid and gas supply 

disconnects to connect Orbiter power 
reactant storage and distribution 



system fill, drain, and vent lines to 
their respective ground support 
equipment 

General LSectr'c 

Valley Forge, Pa. 

Waste collector subsystem 

Gulton Industries 

Cost" Mesa, Calif. 

Linear low-frequency accelerometer 
(flight instrumentation vibration- 
acoustic data) 

Differential pressure transducer, 
hydraulic actuators 

Grumii.^n Corporation 

Bethpagc, N.Y. 

Wing (includes main landing gear doors. 

elevons. and wing box glove) 

Shuttle training aircraft 
(prime contract) 
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Contractor 


Location 


System/subsystem 


Hamilton Standard, Division 
of United Aircraft 
Corporation 

Windsor Locks, Conn. 

Atmospheric revitalization subsystem 
Freon coolant loop 

Water boiler, hydraulic thermal control 
unit 

Ground support equipment hydraulic cart 

Harris Corporation. 
Electronics Systems 
Division 

Melbourne. Fla. 

Pulse code modulation master unit 

Havcg Industries Incorporated 

Winouski, Vt. 

General-purpose wire 

Hoffman Electron! :s 
Corporation. Navcom 
Systems Division 

El Monte, Calif. 

TACAN ( tactical air navigation) 

Honeywell Inc.. Aerospace 
Division 

St. Petersburg, Fla. 
Minneapolis, Minn. 

Flight control system dtsplavs and 
controls 

Radar altimeter; main engine controller 

Hydraulic Research & 
Manufacturing 

Valencia, Calif. 

Servoactuator elevun-eleclro command 
hydraulics 

Four-way hydraulic system How 
control pressure valve 

IBM Corporation, Federal 
Systems Division. 
Electronics Systems 
Center 

Oswego, N.Y. 

Mass memory/multifuuctiun cathode ray- 
tube (CRT) display subsystem 
General-purpose computer and input- 
output processor 

ILC Technology 

Sunnyvale, Calif. 

Cabin interior lighting 

Inlcrmctrics Incorporated 

Cambridge, Mass. 

Advance • omputcr programing language, 
IIAL/S (high-order assembly 
language/Shuttlc) 

ITT Cannon 

Santa Ana. Calif. 

Power, high-density, rectangular, 
and coaxial connectors 

J.L. Products 

Gardena. Calif. 

Crew compartment failure warning and 
corrective control 
Arming lire switch, pushbutton 
Pushbutton switch 
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Contractor 

Location 

! 1 

System/subsystem 

Kelly Hayes Company 

Lake Orion, Mich, 

Hydraulic switching and isolation valve 

K-West 

Westminster. Calif. 

! 1 

Wideband signal conditioner, 

aecelerometcr/acoustic 
Strain gage signal conditioner, stresses 
Ullage pressure signal conditioner for 
external tank (monitors and controls 
external tank liquid oxygen and 
liquid hydrogen ullage pressure) 

Differential pressure transducer and 
electronics MI’S propellant head 
pressure in main feed and fill lines 

Labarge 

Santa Ana, Calif, 

General-purpose wire 

Leach Relay 

Los Angeles, Calif. 

General-purpose latching relay 

Lear Siegler 

Grand Rapids. Mich. 
Llyria. Ohio 

Altitude direction indicator 
Hydraulic disconnect supply 

Lockheed Missiles & Space 
Company. Inc. 

Sunnyvale, Calif. 

High* and low-temperature reusable 
surface insulation 

Lockhccd-Califomia 

Company 

Burbank. Calif. 

Crew escape system ejection seats 
(Orbitcrs 101 and 102) 

Orbiter structural static and fatigue 
testing 

LTV Aerospace Corporation, 
Vought Systems Division 

Dallas. Tex. 

Leading edge structural subsystem and 
lose cap. RCC (reinforced carbon- 
carbon ) 

Radiator and flow control assombly 
system (study only) 

Marquardt Company, CCI 
Corporation 

Van Nuys. Calif. 

Reaction control system ti-ro^ers 

Martin Marietta 

Denver. Colo. 
New Orleans, La. 

Caution and warning electronics 
Pyro initiator controller 
Reaction control system tanks (forward 
and aft) 

S-band quad, liemi. and payload antennas 
External tank (prime contract) 








Contractor 


Location 


System/subsyslcm 


McDonnell Douglas 
Astronautics Company 

East St. Louis. Mo 

Orbital maneuvering system/rcaction 
coiitrul system aft propulsion pod 

Megatck 

Van Nuys. Calif. 

MPS cryogenic seals, line flange 

Menasco Manufacturing 
Company 

Burbank, Calif. 

Main/nose landing gear shucK struts and 
brace assembly 

Metal Bellows Company 

Chatsworth, Calif. 

Potable and waste water tanks 

Micro Measurements 

Romulus. Mich. 

Strain gage 

Modular Computer Systems 

Fort Lauderdale, Ela. 

Data acquisition system (Space 
Division laboratories) 

Moog, Incorporated, 
Controls Division * 

East Aurora. N.Y. 

Main engine gimbal servuactuator 

Networks Electronics Corpor* 
ation, U.S. Bearings 
Division 

Chatsworth. Calif. 

Hatch latch links, main ingress/egress 
hatch 

Northrop Corporation, 
Electronics Division 

Norwood, Mass. 

Rate gyro assembly 

OEA 

Des Plaines. Ill- 

Pyrotechnic thruster assembly, nose gear 
uplock release 

Parker Hannifin Corporation 

Irvine, Calif. 

MPS liquid hydrogen OrblteHo-tank feed 
system disconnects 

MPS liquid hydrogen and liquid oxygen 
Orbiter-to-ground fill and drain 
disconnects 
Hydraulic accumulator 

Pneu Devices 

Goleta. Calif. 

Hydraulic shutoff valve, emergency 
thermal control 

Electri notor-driven hydraulic 
circulation pump 

Pneu Draulics 

Montclair. Calif. 

Hydraulic priority valve reservoir 
primary 

Pratt & Whitney, Division of 
United Aircraft 

East Hartford. Conn, 

fuel cel! power plant 
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Contractor 

Location 

Syslem/subsyslem 

Purolator Incorporated 

Newbury Park. Calif. 

Hydraulic filter module assembly 

KDI ; Corporation 

Hudson, N.H. 

Temperature senso /transducer (general) 
Temperature resistance transducer 
t probe-type) 

Cryogenic temperature transducer 

Rockeldyne DivUion. Rockwell 
International Corporation 

Canoga Park. Calif 

Space Shuttle main engines (prime 
contra t) 

ROHR 

Chula Vista. Calif. 

Solid rocket booster case 

Roscmuiint Incorporated 

Eden Prairie. Minn. 

Air data sensor probe system 
Aii data sensor flight-boom probe 
Sensor temperature piobe 
Sensor temperature surface (general) 

R. V, Weatherford 

Glendale. Calif. 

Shunt 

Simmonds Precision 
Instruments 

Vergennes. Vt. 

MI’S liquid uxygen and liquid hydrogen 
point-level sensors and electronics 

Singer Kearfott 

Little Falls. NJ, 

Inertial measurement unit 
Multiplexer interface adapter 
Data bus coupler 
Data bus isolation 

Skipper and Company 

Cerritos. Calif. 

Chemical processing (Downey facility ) 

Space Division, Rockwell 
International Corporation 

Downey, Calif. 

Space Shuttle Orbiter and integration 

Space Ordnance Systems 

Saugus. Calif. 

Cartridge assembh detonator (frangible 
nut. tail cone separation, Orbiter 
carrier aircraft separation and 
Orbiter external tank separation) 

Sperry Rand Corporation. 
Flight Systems Division 

Phoenix. Arix. 

Multiplexer/dcmultiplcxer 
Automatic landing 

Statham Instruments 

Oxnard, Calif. 

Pressure transducer (low. medium, high, 
general systems) 
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Conductor 


Location 


System/subsystem 


Stercr Lngjneerlng & 
Manufacturing 

Sterling I ransformer 
Corporation 

SSI* Products Incorporated 
Sundstrand 

Sy me tries 

Syslrun-Dunner 

Tech Systems Corporation 

Teledynamies. Division of 
Ambac Industries 

Teledyne Kinetics 

Teledyne Thormatics 

Telcdync McCormack 

Thiokol Chemical Corpor- 
ation, Wastach Division 


Los Angeles. Calif 

Nose gear steering and damping system 
Selector three-way. solenoid-operated 
landing gear upluck and control valves 
Solenoid-operated. Space Shuttle main 
engine hydraulic and hydraulic land- 
ing gearshutoit valve 

Brooklyn. N. v . 

Transformer t power displays and con- 
trols. 1 1 5/2o volt) 

Burbank. Calif. 

Auxiliary power unit exhaust duct 
assembly 

Rockford. III. 

Auxiliary power unit 

Rudder speed brake actuation unit 

Body tlap actuation unii 

MI’S hydtugen recirculation pump assembly 

Canoga Park. Calif 

Hydraulic quick disconnects 
Quick disconnects (water boiler lili 
vent) 

Fluid disconnect 

Concord. ( alit. 

Angular three-axis accelerometer 

(development flight instrumentation) 

Thomaston. Conn 

K.u-band wave guide assembly (pad ul 
interconnecting link between micro- 
wave scan beam landing system antenna 
and navigation set) 

Fort Washington. Pa. 

S-band transmitter (development Bight 
instrumentation) frequency modulation 

Solano Beach. Calif. 

Diiect-current puwei contractor 

Pasadena. Calif- 

Coaxial prototype cable 
General-purpose wire 

tint City. N.C- 

Special-purpose wire 

Hollister. Calif. 

Crew escape system pyrotechnic initiator 
assembly 

Brigham City. Utah 

Solid rockel motors 
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Contractor 


Locution 


System/subsystem 


Time* Wire anil Cable 

Wallingford. Conn. 

Coaxial cable 

Tlteflex Division 

Springfield. Mass. 

Plex hose.low pressure. windshield 
purge 

Elcx line coolant loop (water coolant) 
lligh/low pressure hydraulic system hose 
Swivel assembly, hydraulic system hose 

Tulsa Division. Rockwell 
International Corporation 

Tulsa. Okla. 

Cargo-bay doors 

Valcor engineering 
Corporation 

Kenilworth, N.J, 

Hydrogen and oxygen pressurant now- 
control valve (controls How from 
Orblter main engines for external 
tank pressurization., main propulsion 
system) 

Waltham Precision Instruments 

Waltham. Mass. 

Eight-daS windup clock 

W’atkins Johnson 

Palo Alto. Calif. 

C-band radar altimeter antenna 
LUf air traffic control voice antenna 
L-bandTACAN antenna 

Wavecom 

Northridge. Calif. 

5-band multiplexer development flight 
instrumentation 

Wostinghousc Electric 
Corporation. Systems 
Development Division 

Baltimore. Md 

Master timing unit 

Westinghuuse Electric 
Corporation. Aerospace 
Electrical Division 

Lima. Ohio 

Remote power controller 
Electrical system inverters tdc-ae) 

Weston Instruments 

Newark. N.J, 

Event indicator 
Electrical indicator meter 

Whittaker Corporation 

North Hollywood. Calif. 

Dump valve manually operated, hydraulic 
accumulator (ground) 

MPS helium pressure regulator 
MPS helium regulator 
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Contractor 


Location 


System/subsystem 


Wintek 


LI Segundo. Cuhf 


Auxiliary power unit lucl line tiller 
Purge, vetit ami drain filler 
{ windshield) 

( o> iant return filter 
Cryogenic filter assembly 


Wright Components. Inc. 


Chiton Springs. N Y. 


MI’S two-way pneumatic solenoid valve 
MI’S lluve-wav helium solenoid valve 


Xebec Corporation 


Kansas City. Mo 


Automated circuit 


Xe -Cell-0 Corporation, 
division of Cadillac 
Controls 


Costa Mesa. Calif. 


Main mgr ess 'egress hatch attenuator 


Xerox Corporation 


LI Segundo. Calif 


Digital computei (Space Division 
simulator) 


„us covtftswiKi poistihfj dtrtcr i-r-y. 




